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Preface 


The  loss  of  fiscal,  material,  and  personnel 
resources  and  the  degradation  of  mission 
readiness  as  a  result  of  aircraft  accidents  are 
important  areas  of  concern  for  NATO  nations. 
Tremendous  technological  advances  in  human 
operated  aviation  systems  have  made  it 
possible  to  significantly  expand  the  operational 
role  of  NATO  military  aviation  and  allowed 
persons  operating  those  systems  to  accomplish 
increasingly  more  complex  missions.  At  the 
same  time  these  advances  have  tremendously 
complicated  human  tasks  and  increased  aircrew 
workload  to  the  point  of  overloading  human 
capabilities.  Also,  the  cost  of  producing  these 
sophisticated  aviation  systems  and  of  the 
training  of  humans  to  operate  them  have 
become  exponentially  more  expensive, 
concurrently  drastically  increasing  the  cost  of 
losses  due  to  aviation  accidents. 

As  the  complexity  of  aviation  systems  has 
increased,  so  has  the  task  of  investigating 
aircraft  accidents.  New  technologies  have  had 
to  be  applied  in  order  to  detemiine  the  causes 
of  accidents  and  new  techniques  developed  in 
order  to  assess  such  things  as  the  mechanisms 
of  injuries  sustained  in  accidents.  Human 
factors  continue  to  cause  the  vast  majority  of 
aviation  accidents,  and  the  accurate  depiction 
of  accidental  injuries  and  fatalities  continues  to 
be  a  challenge  to  epidemiologists  as  they 
endeavor  to  isolate  causative  factors  of  both 
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accidents  and  injuries,  so  that  remedial 
measures  can  be  taken  to  reduce  accident  rates 
and  morbidity  and  mortality. 

The  AGARD  Executive,  the  Aerospace 
Medical  Panel,  and  its  Biodynamics  and 
Human  Factors  Committees  decided  upon  this 
Symposium  as  an  efficient  means  of  pulling 
together  infomiation  on  how  NATO  nations  are 
addressing  the  tasks  of  investigating  the 
aerospace  medical  aspects  of  aircraft  accidents. 
These  proceedings  are  the  product  of  that 
effort;  a  compilation  of  papers  detailing  proven 
investigative  techniques,  analyzing  accident 
information  from  vast  databases,  describing 
successes  in  prevention,  and  proposing  new 
research  areas  attacking  yet  to  be  solved 
problems. 

Papers  cover  the  following  topics: 

human  factor  causes  of  accidents; 
occupant  injury  investigation 
(including  simulation); 
test  devices  for  dynamic  response; 
fixed  and  rotary  wing  aircraft  accident 
data; 

spatial  disorientation; 

injury  and  accident  prevention; 

post  crash  fire,  toxicology,  and 

forensic  pathology; 

crew  error  prevention; 

crew  risk  factors 
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Preface 


La  perte  de  nioyens  matdriels,  personnels  et 
fiscaux  et  la  degradation  de  la  disponibilitd 
operationnelle  qui  rdsultent  des  accidents 
d’avion  sont  des  questions  preoccupantes  pour 
les  pays  nienibres  de  I’OTAN.  Les  progr^s 
tcchnologiques  enomies  realises  dans  le 
domaine  des  systemes  d’aviation  pilotds  ont 
pemiis  une  extension  considerable  du  rdle 
operationncl  de  I’aviation  militaire  de  I'OTAN, 
en  autorisant  les  personnes  qui  pilotent  ces 
systemes  ^  accomplir  des  missions  de  plus  en 
plus  complexes. 

En  meme  temps,  ces  progrds  ont  rendu  tres 
compliques  les  tifehes  de  I’operateur  et 
augmente  la  charge  de  travail  des  equipages  au 
p<iint  de  saturation  des  capacites  humaines.  De 
plus,  les  couts  de  fabrication  de  ces  systSmes 
d'aviation  sophistiques  et  le  coul  de  la 
fomiation  des  opdratcurs  ont  augmente  de 
fa<;on  exponenticllc.  cc  qui  a  eu  pour  effet 
d'augmenter  radicalement  le  cout  dcs  pertes 
suite  aux  accidents  d’avion. 

La  complexite  croissanie  dcs  systemes 
d'aviation  a  rendu  plus  complexc  la  tSchc  des 
enqueteurs  sur  les  accidents  d’avion.  II  a  fallu 
mettre  en  oeuvre  de  nouvellcs  tecltnologies  atm 
de  detenniner  les  causes  dcs  sinistres  et 
devcloppcT  de  nouvellcs  techniques,  par 
cxcmplc  pour  revaluation  dcs  mechanismes 
dcs  blcssurcs  revues.  Le  facteur  humain  rcste  la 
cause  de  la  grande  majorite  dcs  accidents 
d’avion  et  la  representation  fideie  dcs  blcssurcs 
accidcntellcs  et  dcs  accidents  mortcls  continue 
e  circ  un  den  pour  les  epidemiologucs  qui 
tachent  d’isolcr  les  factcurs  causatifs  dcs 
accidents  et  dcs  blcssurcs.  atln  de  rendre 
ptissiblc  la  mise  en  oeuvre  de  mcsurcs 
correctives  qui  reduiront  le  nombre,  la 


morbidite  et  la  mortalite  des  accidents. 

Le  Panel  AGARD  de  Medecine  Aerospatiale, 
son  Administrateur  et  les  Comites  des  Facteurs 
Humains  et  de  la  Biodynamique  du  Panel  ont 
decide  que  ce  Symposium  etait  le  moyen  le 
plus  efficace  pour  rassembler  des  infomiations 
sur  I’approche  adoptee  par  les  membres  de 
rOTAN  sur  le  probieme  de  I’ investigation  des 
aspects  medicaux  des  accidents  d’avion.  Ce 
compte  rendu  represente 
le  produit  final  de  tous  ces  efforts.  II  s’agit 
d’un  recueil  de  presentations  qui  decrivent  les 
techniques  d ’investigation  qui  ont  fait  Icurs 
preuves,  qui  analysent  les  donnees  d’accident 
foumies  par  des  bases  de  donnees  importantes, 
qui  enumerent  les  succ^s  obtenus  dans  le 
domaine  de  la  prevention  et  qui  proposent  de 
nouveaux  domaines  de  recherche  qui 
pemiettront  d’aborder  les  probiemcs  qui  restent 
k  resoudre. 

Les  communications  couvrent  les  sujets 
suivants; 

le  facteur  humain  dans  les  accidents 
I’investigation  des  blessures  regues  par 
les  occupants  (y  compris  la  simulation) 
les  installations  d’essai  de  la  reponse 
dynamique 

les  donnees  d’accident  sur  les  aeronefs 
h  voilure  fixe  et  ^  voilure  toumanle 
la  desorientation  spatiale 
la  prevention  des  accident-;  et  des 
blessures 

les  incendies  suite  au  accidents,  la 
toxicologic  el  la  pathologic  legale 
la  prevention  des  eiicurs  de  la  part  de 
requipage 

les  facteurs  de  risque  pour  requipage 
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1.  INTRODUCTION 

The  Aerospace  Medical  Panel  Symposium  on  "Aircraft  Acci- 
<ie!-.;s:  Trends  In  Aerospace  Medical  Investigation  Tech- 
iiujues"  was  held  at  the  Altin  Yunas  Hotel,  Cesme,  Turkey, 
from  April  27  to  May  1,  1992.  Authors  from  11  NATO 
Countries  and  1  non-N.ATO  country  presented  58  papers. 

THEME 

The  theme  of  the  symposium  was  recent  trends  in  aerospace 
medical  investigation  techniques  in  aircraft  accident  recon¬ 
struction.  Since  the  early  commencement  of  aviation,  acci- 
denis  have  ocairred  for  a  variety  of  reasons  in  both  fixed- 
ana  rotary-wing  aircraft.  Progress  in  technology  has  incre- 
a.<ed  significantly  the  reliability  of  airframe,  avionics  and 
propulsion  system.s.  However,  at  the  same  time  advanced 
techniques  in  aviation  and  weapon  systems  have  exacerbated 
greatly  the  physiological  and  cognitive  demands  on  aircrew. 
The  result  is  that  aircraft  accidents  due  to  material  causes 
I’.ave  diminished  progressively  while  the  percentage  of  hu¬ 
man  factor-caused  accidents  has  not.  The  formal  investi¬ 
gation  of  an  aircraft  accident  by  engineering  and  human 
factors  specialists  is  essential  not  only  to  identify  the  cau.se. 
but  also  to  make  recommendations  to  improve  the  man- 
machine  interface  and  reduce  human  error  accidents. 

2.  PLTiPOSE  AND  SCOPE 

Tlie  purpose  of  the  symposium  was  to  discuss  recent  trends 
in  human  factors-rclated  accidents  and  current  techniques 
utilized  to  elucidate  accident  and  injury  cause  factors  during 
the  investigation  and  reconstruction  process. 

The  scope  of  the  symposium  was  extremely  broad.  Par¬ 
ticipants  included  operational  experts,  pilots,  psychologists, 
human  factors  specialists,  flight  surgeons,  air  safety  special¬ 
ists,  physiologists  and  engineers  from  a  myriad  of  military' 
and  civilian  organizatioas  in  12  countries.  Topics  included 
techniques  of  human  factors  accident  investigation,  reviews 
of  accident  cause  factors,  injury  investigation  techniques, 
simulation  techniques,  human  surrogate  design,  mathe¬ 
matical  modelling,  spatial  disorientation,  forensic  techniques 
and  accident  prevention. 

4.  SYMPOSIUM  PROGRAM 

Tlie  symposium  comprised  11  sessions  each  emphasizing  dif¬ 
ferent  aspects  of  aircraft  accident  cause  factors,  investigation 
and  reconstruction  techniques,  and  methods  of  accident  pre¬ 


vention.  Tlie  large  number  of  sessions  reflects  the  diversity 
and  complexity  of  the  subject  area  and  the  high  level  of  in¬ 
terest  in  the  symposium 

The  first  session,  "Investigation:  Human  Factors,"  covered 
methods  in  performing  human  factors  investigations  of  air¬ 
craft  accidents. 

The  second  session,  "Investigation:  Occupant  Injury  and 
Simulation,"  discussed  occupant  injury  in  crashes  emphasiz¬ 
ing  mechanisms  of  injury  and  methods  of  simulating  occu¬ 
pant  response  to  crash  forces. 

The  third  session,  "Investigation:  Test  Devices  for  Dynamic 
Response,"  comprised  a  number  of  papers  describing  the  use 
of  manikins  for  crash  impact  simulation  and  new  efforts  to 
improve  manikin  biofidclity. 

The  fourth  session,  "Accident  Data  Analysis:  Fixed-Wing 
Accidents,"  concentrated  on  human  factor  causes  of  fixed- 
wing  accidents  in  various  NATO  air  forces. 

The  fifth  session,  "Accident  Data  Analysis:  Spatial  Disorien¬ 
tation,”  included  papers  that  discussed  spatial  disorientation 
and  illusions  as  an  accident  cause  factor.  Means  of  estab¬ 
lishing  spatial  disorientation  as  a  causative  factor,  as  well  as 
means  of  preventing  spatial  disorientation  also  were  dis¬ 
cussed.  Also  presented  was  a  paper  on  performance  effects 
of  moderate  levels  of  blood  alcohol. 

The  sixth  session,  "Accident  Data  Analysis:  Rotary-Wing 
Accidents,"  was  focused  on  general  aspects  of  the  epidemi¬ 
ology  of  helicopter  crashes.  Several  papers  were  devoted  to 
ditching  accidents  while  two  others  focused  on  crasl. worthi¬ 
ness  aspects  of  helicopter  and  life  support  equipment  design. 

The  seventh  session,  "Rotary- Wing  Injuiy  and  Accident  Pre¬ 
vention,"  was  largely  a  continuation  of  the  previous  session 
concentrating  on  accident  and  injury  prevention  in  rotary- 
wing  operatioas. 

The  eighth  se.s$lon,  "Accident  Pathology:  Fire  and  Toxicol¬ 
ogy,"  disaissed  various  aspects  of  fire  safety,  toxicology,  and 
the  toxicological  investigation  of  aircraft  accidents. 


i'hc  ninth  session,  "AccitleiU  ihilhology;  Forensic  .Studies." 
contiiuici!  the  theme  of  the  previous  session,  but  concen- 
ti  tued  on  gross  and  histologic  postmortem  findings  in  the  in¬ 
vestigation  of  aircraft  accidents. 

i  lie  'cnih  session,  '.Accident  Preveniion:  Reducing  Crew 
i  'rror, "  covered  a  range  of  (ojtic.s  relating  to  methods  to  pre¬ 
vent  human  error  aviation  mishaps. 

nie  fitial  session,  "Accident  Prevention:  Technical  SolutIon.s 
and  Risk  Factors."  included  a  diversity  of  papers  dealing 
with  known  and  postulated  risk  factors  predisposing  to  hu¬ 
man  error  and  methods  for  detecting  and  limiting  the  dele¬ 
te  rions  effects  of  these  factors. 

5.  1 ECHNICAL  EVALUATION 

'Hic  medical  investigation  of  aircraft  accidents  is  an  enor¬ 
mously  comple.x  task  requiring  the  integration  of  e.xpertise 
friim  numerous  related  fields  including  medicine,  psych- 
ologv',  engineering,  and  the  basic  sciences.  For  the  purposes 
of  this  symposium,  presentations  were  divided  into  two  ma¬ 
jor  areas  of  concentration-human  factors  considerations  in 
accident  causation  and  biodynamic  and  toxicological  con- 
.siderations  in  injury  causation.  The  human  factors  portion 
of  an  aircraft  accidettt  investigation  attempts  to  establish  the 
chain  of  events  that  led  to  the  accident  and  the  roles  human 
actions  played  in  these  events.  The  main  emphasis  being  to 
determine  why  the  accident  occurred  and,  more  importantly, 
what  can  be  done  to  prevent  similar  accidents.  Properly 
conducted,  such  an  investigation  encompasses  considerations 
of  aircraft  design;  operational  procedures;  aircrew,  ground 
crew,  and  management  training;  and  physiological  and  psy¬ 
chological  factors  influencing  personnel  involved  in  the 
chain  of  events  leading  to  the  accident. 

The  injury  investigation  portion  of  an  accident  investigation 
attempts  to  establish  the  cause  or  mechanism  of  each  injury 
sustained  by  an  occupant  of  the  accident  aircraft.  A  clear 
understanding  of  j  ijuty  mechanisms  is  required  to  devise 
effective  means  of  preventing  or  reducing  injuries  in  future 
crashes.  The  determination  of  injury  mechanisms  requires 
a  thorough  reconstruction  of  the  physical  crash  events  in 
order  to  determine  the  sequence,  magnitude,  direction,  and 
duration  of  crash  forces.  From  this  information,  one  can  re- 
cotLstruct  the  dynamic  response  of  the  aircraft,  its  compo¬ 
nents,  and  its  occupants  during  the  crash  and  identify  inju¬ 
rious  interactions  between  the  occupant  and  his  s,.iTounding 
environment.  Failure  modes  of  structure  including  the  air¬ 
craft  floor,  seats,  and  restraint  systems  are  identified  and 
correlated  to  injury.  Finally,  postcrash  factors  such  as  avail¬ 
ability  of  escape  paths  and  inhibition  of  escape  by  debris, 
fire,  toxic  smoke,  water,  or  other  factors  are  coasidered. 

Session  I 

Session  I  of  this  meeting  was  dominantly  concerned  with 
de.scriptions  of  how  different  nations  address  the  human 
factors  investigation  of  flying  accidents  and  maintain  records 
of  the  investigations.  The  exception  to  this  general  theme 
was  the  presentation  by  Cetinguc  that  described  a  study  in 
the  Turkish  Air  Force  in  which  pilots  completad  two  te.sts, 
the  "State  Trait  Personality  Inventory"  and  the  "Zung  De¬ 
pression  Scale,"  in  order  to  assess  well-being,  distress,  anx¬ 
iety,  and  deprc,ssion.  It  was  the  contention  of  the  author 
that  these  factors  combine  to  generate  the  general  concept 
of  "morale"  and  he  di.scovefed,  to  his  apparent  surprise,  that 
a  group  of  over  300  pilots  appeared  to  have  better  (in  the.se 
terms)  morale  than  a  control  group  of  nonflying  air  force  of¬ 
ficers.  The  author  suggests  .some  retusons  for  this  (selection 


of  individuals  in  the  groups,  professio.nal  pride,  and  .some 
psychoanalytic  factors)  but  migli!  also  have  pointed  oia  that 
flying  is  the  core  occupation  in  an  air  force,  with  a!!  ot.hcr 
occupations  supporting  it,  and  thi.s  focus  on  the  piJo*  as  the 
individual  svith  a  centra!  role  is  likely  to  be  reflected  in  In's 
job  satisfaction. 

Tlie  relationship  between  the  morale  of  the  pilot  and  .safety 
was  not  explored  by  Cetinguc,  but  the  presentation  by 
Raraeckers  provided  a  conceptual  framework  for  examining 
such  effects.  Both  Ramcckers  and  Green,  the  symposium's 
lecturer,  emphiisized  the  extent  to  which  investigations  of 
the  human  factor  in  accident  investigation  have  moved  fro.m 
addressing  the  events  that  occurred  in  the  cockpit  and  the 
associated  behavioral  characteristics  of  the  aew  members, 
to  a  wider  consideration  of  the  human  factors  within  the 
management  and  organization  of  the  total  .sy.stem  within 
which  the  pilots  operated.  The  importance  of  tliis  wider 
approach  is  twofold.  The  first  advantage  is  that  the  higher 
within  the  hierarchy  of  a  management  system  that  a  fault  or 
un.safe  procedure  can  be  identified,  the  more  generality 
rectification  that  fault  will  have.  Second,  the  recognition 
that  management  and  organization  decisioas  and  practices 
can  affect  safety  means  that  attempts  may  he  made  to 
monitor  ".system  health"  in  order  to  act  as  early  warning  of 
potential  .system  failure.  If  the  hypothesis  is  accepted  that 
a  management  shortcoming  will  result  in  an  accident  only 
when  combined-in  an  unlikely  conjunction-with  some  eixor 
made  by  the  individual,  then  plugging  the  hole  at  the  man¬ 
agement  level  is  likely  to  make  the  system  generally  more 
error  tolerant  at  the  individual  operator  level. 

Ramcckers  pre.sently  is  trying  to  monitor  the  system  health 
or  risk  state  of  every  squadron  in  the  Royal  Netherlands  Air 
Force.  This  should  be  regarded  as  a  bold  experiment  that 
is  breaking  new  ground  in  the  area  of  human  factors  and 
flight  safety,  and  its  results  are  awaited  with  great  interest. 

The  remaining  three  papers  addressed  here  took  a  more 
conventional  approach  to  the  problem  area,  but  ad  em¬ 
bodied  some  interesting  points.  Pollack  gave  a  description 
of  the  aircraft  accident  investigation  process  in  Sweden, 
where  the  inclusion  of  human  factors  .specialists  in  the  acci¬ 
dent  board  has  become  routine.  She  also  emphasized  the 
importance  of  system  factors  in  the  accident  process,  but  the 
point  she  made,  albeit  incidentally,  of  perhaps  greatest  inter¬ 
est  concerned  the  nature  of  the  investigation  board.  In  al¬ 
most  all  crruntrics,  the  military  investigates  its  own  accidents, 
and  the  likelihood  that  system  shortcomings  will  be  identi¬ 
fied  with  any  boldness  by  an  officer  who  depends  on  the 
same  system  for  his  own  career  advancement  must  be  re¬ 
garded  as  distinctly  low.  In  Sweden,  however,  the  investi¬ 
gation  board  is  an  independent  authority  that  covers  all  ma¬ 
jor  accidents  and  incidents  in  aviation,  military  as  well  as 
civilian. 

It  seems  clear  that  investigation  by  an  independent  authority 
is  a  direction  in  which  any  desire  or  requirement  for  objec¬ 
tivity  compels,  but  whether  the  vested  interests  in  the  pre¬ 
sent  systems  will  permit  this  is  extremely  doubtful.  Lack  of 
independence  of  investigation  might  reasonably  be  regarded 
as  one  of  those  system  or  management  factors  that  .should 
be  regarded  as  a  fight  safety  hazard  in  itself. 

The  paper  presented  by  David  on  Canadian  Forces  aviation 
highlighted,  on  a  number  of  occasions,  the  need  to  spend 
money  on  tackling  the  human  factors  problem  in  aviation  at 
a  level  commcr..suratc  with  its  importance.  Howewr,  j>er» 


li.ij'  !iii)ic  Kiitrc.'itinf;  in  iliis  paper  was  the  use  of  ternii- 
iHihipy  such  as  "inattention,"  'jiulgement,''  "tcclinique,”  and 
'eareiessness"  that  crcip  up  in  many  taxonomies  of  accident 
aetiology,  nut  which  Iteg  definition. 

A  similar  point  could  l)c  made  with  regard  to  the  paper  by 
Levy,  in  which  he  points  out  that  the  U.S.  Air  Force  does 
not  use  human  factors  specialists  or  psychologists  in  accident 
hoards,  but  has  had  a  rather  unhappy  experience  in  at- 
IcnijUiiig  to  asit  flight  surgeons  as  a  substitute  for  them.  He 
went  on  to  describe  the  record  form  used  in  keeping  U.S. 
Air  Force  life  science  accident  data,  the  system  used  to  keep 
the  data,  and  the  training  course  to  which  future  investi¬ 
gators  are  to  be  subjected  in  order  to  attempt  to  standrrdize 
their  methods  of  categorization.  He  went  on  to  suggest  that 
other  nations  should  participate  in  the  scheme  in  order  to 
maximize  the  size  of  the  database  and  establish  as  much 
commonality  as  possible  between  nations. 

1’hcrc  can  be  no  doubt  that  these  arc  worthwhile  goals  that 
should  be  addressed.  Other  natioas  will  doubtless  wish, 
however,  that  their  accident  investigation  experience  and 
categorization  techniques  should  be  taken  into  account. 
.Also,  it  should  be  borne  in  mind  that  although  detailed  re- 
co.''d  keeping  is  surely  important,  it  is  not  a  substitute  for 
thought  and  insight  in  the  initial  investigation. 

Overall,  this  .session  produced  some  thought  provoking  pre- 
.sentations,  some  interesting  contrasts,  and  one  or  two  good 
ideas  for  new  procedures  in  human  factors  and  air  safety  for 
the  future. 

Session  11 

Tlie  papers  in  this  session  were  devoted  to  the  investigation 
of  occupant  injury  and  to  computer  simulation  of  occupant 
response  to  impact.  Four  papers  dealt  with  some  of  the 
findings  from  the  investigation  of  the  accident  to  the  Boeing 
737-400  that  crashed  on  the  Ml  motorway  at  Kegworth  in 
the  United  Kingdom  in  January  1989.  The  remaining  pa¬ 
pers  dealt  with  mathematical  modeling  of  occupant  response 
to  impact. 

Carter’s  paper  (number  10)  presented  findings  that  dealt 
with  the  structures  investigation  of  the  Boeing  737-400  ac¬ 
cident  and,  in  particular,  witli  the  investigation  of  the  fail¬ 
ures  of  the  seats  and  aircraft  floor  and  the  overhead  bins. 
The  work  indicated  that  it  was  the  failure  of  the  floor  that 
precipitated  the  failure  of  the  scats.  The  overhead  bin  fail¬ 
ures  were  shown  to  be  due  to  the  failure  of  the  attachment 
of  the  diagoril  tie  to  the  top  surface  of  the  bin  followed  by 
sequential  failure  of  the  remainder  of  the  attachments.  The 
loads  on  impact  were  estimated  by  the  use  of  the  hybrid 
computer  program  KRASH,  and  this  indicated  that  the  im¬ 
pact  pulse  was  coasiderably  outside  the  design  limits  of  the 
bias.  Tins  impact  pulse  subsequently  was  used  as  the  input 
in  studies  on  the  ocaipani  response  to  impact.  The  author 
concluded,  inter  alia,  that  it  was  important  to  set  realistic 
crashworthiness  standards  that  were  applicable  to  all  items 
of  cabin  structure  and  not  just  scats  in  isolation. 

Paper  II  (Haidar  and  Rock)  dealt  with  the  occupant  simu¬ 
lation  of  the  response  to  impact  u.sing  the  computer  pro¬ 
gram  MADYMO  and  input  impact  data  derived  from  the 
results  of  the  KRASH  modeling.  The  authors  analyzed 
occupant  response  and  compared  this  with  clinical  Injury 
data.  Ibc  authors  also  looked  at  the  effect  of  adopting 
different  preimpact  positions  in  the  scat,  They  concluded 
that  a  brace  position  with  the  head  against  the  back  of  the 


.seal  in  front  'uu!  with  the  lower  legs  angled  back  behind  the 
knees  offered  the  best  protection. 

Paper  12  (Rowles,  Wallace,  and  Anton)  considered  the 
question  of  whether  injury  severity  scoring  (!SS)  could  pro¬ 
vide  additional  useful  information  for  crash  invcsugato.s. 
ISS  data  correlated  well  with  structural  damage  to  the  air¬ 
craft.  Variations  in  the  ISS  were  useful  markers  for  other 
injury  mechanisms  such  as  being  struck  by  overhead  items 
or  interactions  with  other  passengers.  TTie  authors  con¬ 
cluded  that  both  abbresaated  injury  scale  (AIS)  and  ISS  cod¬ 
ing  are  valuable  techniques  in  analyzing  passenger  injury 
data. 

Paper  13  (Powles,  Anton,  and  Wallace)  dealt  with  anomalies 
in  patterns  of  femoral  fracture  in  the  Kegworth  accident. 
The  conventional  explanation  for  femoral  fracture  on  -G, 
impact  is  axial  loading.  Data  from  the  Kegworth  accident 
indicated  that  femoral  fractures  occurred  in  the  absence  of 
knee  injury.  There  was  a  statistically  significant  association 
between  sitting  in  the  center  of  a  row  and  sustaining  a 
femoral  fracture.  The  authors  concluded  femoral  bending 
rather  than  axial  loading  was  the  mechanism  of  fi-acture. 
This  appeared  to  be  due  to  a  complex  interaction  between 
the  seat  occupant  and  his  seat. 

Paper  14  (Nieboer  and  Wismans)  dealt  with  the  use  of 
computer  simulation  of  impact.  The  paper  concentrated  on 
the  application  of  MADYMO  in  crash  simulation  research 
and  used  as  examples  astronaut  escape,  a  three  dimensional 
simulation  of  the  Kegworth  accident,  and  a  simulation  of  a 
160  dynamic  seat  test. 

Paper  15  (Walker,  Sturt  and  Boag-Izatt)  described  the  use 
of  OASIS  DYN  A3D  as  a  computer  program  for  use  simulat¬ 
ing  occupant  respoase  to  impact.  DYNA3D  is  a  three-di¬ 
mensional  nonlinear  finite  element  program.  Particular  e.x- 
amples  were  given  showing  the  modeling  of  the  Eurosid  1 
dummy. 

Tlte  session  demonstrated  the  advances  that  have  been 
made  in  assessment  techniques  in  the  automotive  industry, 
in  turn  originally  developed  by  the  aircraft  industry,  and  the 
transfer  that  now  is  beginning  to  take  place  back  to  aviation. 
The  value  of  detailed,  careful  recording  of  injury  data  was 
shown  in  the  results  from  the  Kegworth  accident.  The  anal¬ 
ysis  of  these  data  and  subsequent  reconstructions  showed 
that  axial  femoral  loading  may  not  be  the  mechanism  of  fe¬ 
moral  fracture  in  some  impacts.  The  importance  of  using 
injury  scores  in  analyzing  injury  patterns  within  an  accident 
and  ^so  for  generating  statistical  information  on  a  series  of 
accidents  was  shown. 

Computer  programs  for  a5se.ssing  the  effects  of  impact  ul..x> 
were  discussed.  These  are  powerful  tools,  but  they  are  e.x- 
pensive  to  use  and  tend  to  require  considerable  engineering 
judgement  in  their  applications.  Nonetheless,  they  are  the 
only  means  of  analyzing  complex  or  sequential  impacts. 

Session  III 

Session  III  was  devoted  to  presentations  relating  to  the 
of  human  surrogates  in  testing  dynamic  response  to  intpact 
acceleration.  Paper  16  (Frisch,  Boult^,  and  Aletn)  de¬ 
scribed  the  design  and  development  of  an  improved  Hybrid 
ni  Anthropomorphic  Test  Device  (ATO).  After  a  descr^ 
tlon  of  the  genei^  uses  of  the  Hybrid  III,  the  authors  dis¬ 
cussed  some  of  the  deficiencies  of  the  manikin  including  ite 
lack  of  spinal  contprcisive  response,  the  lack  of  spinal  axial 


lotatioii,  ;i:ui  (he  inability  to  change  the  contour  of  the 
spine,  nie  authors  d!scii.ssed  the  modifications  that  they 
hail  (ieveloped  which  also  included  a  modified  pelvis  tliat 
pivt  s  more  human-like  space  and  weight  characteristics  and 
which  also  hisusc.s  an  on-boaxd  instnimcnfation  system. 

I'apcr  17  (Van  Ingen-Dtinn,  Richard.s,  and  Kaleps)  dealt 
initially  with  manikin  development  from  the  Grumman 
Aldersen  Research  Dummy  (GARD),  originally  developed 
10  give  staiic  inertial  loading  in  ejection  seats,  to  the  Ad¬ 
vanced  Dynamic  Anthropomorphic  Mannequin  (ADAM). 
I'hc  authors  describe  some  of  the  limitations  of  ADAM: 
the  lack  of  adequate  biofidelity  in  the  neck  and  poor  limb 
.sci’.nicnt  mass  distribution  characteristics.  The  dcvclcprncnt 
of  a  new  concept  neck  wa.s  detailed  and  encouraging  data 
were  pre.sentcd  on  the  performance  of  the  new  neck. 

Examples  also  were  given  of  work  to  improve  limb  segment 
inertia]  characteristics  using  composite  materials  and  new 
fah.'ication  techniques. 

Paper  Ul  (Roberts)  was  concerned  with  the  design  and  use 
of  automotive  crash  test  dummies  and  a  general  overview  of 
the  UK  Transport  and  Road  Research  Laboratoiy  (TRRL). 
ITte  paper  provided  a  general  overview  of  some  of  the  pro¬ 
blems  in  design,  development,  and  calibration.  The  effect 
of  impact  vector  on  design  was  illustrated  by  reference  to 
the  variations  in  construction  of  frontal  and  side  impact 
dummies.  It  was  stated  that  TRRL  preferred  to  use  the 
OGLE  OPAT  dummy  in  preference  to  either  the  Hybrid  11 
or  Hybrid  III  when  testing  restraint  systems.  It  was  claimed 
that  these  latter  dummies  did  not  possess  the  right  charac¬ 
teristics  for  restraint  system  testing  as  they  had  been  devel¬ 
oped  for  the  cvakialion  of  unrestrained  occupants  and  air 
bags.  Tlie  role  of  TRRL  in  the  development  of  Earosid  and 
a  mathematical  representation  of  this  in  DYNA3D  also  was 
discu.ssed. 

Paper  19  (Newman,  Zellner,  and  Wiley)  was  concerned  with 
the  development  of  a  modified  Hybrid  HI  dummy  to  im¬ 
prove  its  usefulness  in  motorcycle-to-car  crash  testing.  The 
modifications  included  a  modified  neck,  to  ensure  the  cor¬ 
rect  presentation  of  the  hclmcted  head  during  the  crash, 
changes  to  the  lumbar  spine  to  produce  greater  flexibility 
and  provide  the  correct  sitting  angle,  an  abdominal  insert  to 
assess  penetration  depth  and  modified  frangible  lower  legs 
to  give  an  appropriate  kinematic  response  after  leg  fracture. 
The  details  of  the  modifications  were  given  together  with 
the  data  from  cadaver  validation  tests. 

Paper  20  (Glaister,  Waugh,  rmd  Neil)  dealt  with  the  use  of 
a  standard  instrumented  Hybrid  III  in  the  assessment  of  the 
occupant  response  to  water  impact  in  a  free-fall  lifeboat. 

Paper  21  (Weiss,  Willems,  Mugnier,  and  Pittmanct)  de¬ 
scribed  the  application  of  magnetohydrodynamic  angular 
motion  .sensors  to  a  revised  sensor  package  for  measuring 
head/ncck  dynamic  response  to  impact.  The  analyses  of  the 
tests  showed  that  the  new  scasor  and  photogrammetry  sys¬ 
tem  compared  favorably  with  a  9-accclerometcr  array.  TTic 
study  confirmed  the  new  system  as  being  simpler,  more  ac¬ 
curate,  and  more  portable  than  the  one  previously  in  use  at 
the  U.S.  Navy  Biodynaniics  Laboratory. 

Session  III  .showed  the  advances  that  have  been  made  In  im¬ 
proving  dummy  biofidelity.  Z-  and  Y-axis  responses  con¬ 
tinue  to  be  a  problem  and  dummy  deslgas  and  modifications 


to  irr.provc  responses  in  thc.se  axes  were  demonstrated.  It 
is  to  be  hoped  that  some  of  these  modificatioas  will  be 
developed,  standardized,  and  marketed. 

The  different  approaches  to  dummy  developmeni  -verc  in 
evidence.  TTie  U.S.  Air  Force  is  the  only  organization  ..liing 
ADAM,  the  cost  of  this  dummy  being  a  major  Inhibitor- 
factor  for  other  agencies.  Other  laboratories  appear  to  be 
converging  on  variants  of  the  Hybrid  III.  This  p.irticular 
AIT)  is  available  with  extensive  instrumentation  and  has 
both  regulatory  and  impact  injury  research  applications.  A 
pica  for  greater  commum'cation  between  those  engaged  in 
automotive  and  aviation  impact  research  was  entered. 
Session  HI  clearly  demonstrated  the  commonality  of  the 
disciplines  involved  and  the  advantages  to  he  gained  by 
better  communication.  Whether  the  appropriate  vehicle  for 
fostering  this  is  AGARD,  is  for  others  to  decide. 

Session  IV 

Six  papers  presented  in  Session  IV  were  related  to  fixed- 
wing  accidents.  They  were  divided  into  tw'o  homogeneous 
groups,  one  exclusively  addressing  F-16  accidents  (papers  22 
to  24),  the  other  addressing  in  more  general  terms  fixed- 
wing  accident  data  and  causal  factors  in  the  Belgian,  French, 
and  Hellenic  Air  Forces  (papers  25,  26,  and  28).  In  both 
groups,  only  class  A  mishaps  (loss  of  aircraft,  life,  or  damage 
exceeding  $1  million  following  the  U.S.  definition)  or  equi¬ 
valent  were  considered. 

Vanderbeek  (paper  22)  made  an  exhaustive  review  of  U.S. 
Air  Force  F-16  tuishaps  since  1984.  Out  of  120  mishaps,  65 
were  attributed  to  human  error  and  resulted  in  42  fatadities. 
Starting  with  the  classical  categorization  where  loss  of  situa¬ 
tional  awareness  and  spatial  disorientation  repre!;enied  the 
causal  factor  in  28  cases,  an  expanded  concept  of  mishaps 
cau.sality  was  proposed  in  an  attempt  to  include  operational 
reality  in  the  analysis.  Six  situational  awareness  subsets 
were  defined  and,  reanalyzing  the  65  mishaps,  he  assigned 
a  "primary  causal  subset  of  degreded  situation  awareness"  to 
56  cases.  This  new  classification  was  intended  to  demon¬ 
strate  the  preeminent  role  played  by  tactical  and  perform¬ 
ance  awareness  at  the  origin  of  the  mishaps.  In  a  second 
section  of  the  presentation,  a  program  developed  by  the 
Tactical  Air  Command  to  improve  pilot  attention  and 
awareness  was  discussed.  This  program,  called  the  Aircrew 
Attention  and  Awareness  Management  Program  currently  is 
introduced  at  different  levels  of  training  for  TAG  pilots. 

F-16  mishaps  in  the  Royal 'Norwegiim  Air  Force  were  e.xam- 
ined  over  a  10-year  period  starting  m  1981  (paper  23).  Dur¬ 
ing  this  period,  12  aircraft  were  lost  due  to  in-flight  mishaps, 
human  factors  were  involved  in  9  cases  and  among  these,  6 
fatalities  occurred.  The  loss  rate  was  9.2  per  100,000  flight 
hours  by  the  end  of  1991,  which  is  slightly  better  than  the 
average  of  other  European  Air  Forces  using  F-16.  The 
study  addressed  several  questions  such  as  the  concerns  of  in¬ 
vestigators  regarding  human  factors,  the  methods  they  used, 
what  they  reported,  and  what  recommendatioas  they  made. 
Regarding  these  two  last  item!;,  the  classical  human  factor 
causes  of  accident  were  evoked  with  a  psulicular  emphasis 
on  lack  of  continuation  in  flying,  “gct-it-donc-itis"  and 
channelized  attention.  Recommendations  bore  essentially 
on  tactical  awareness  problems  and  some  physiological  con¬ 
cerns.  Several  points  are  of  interest  in  improving  investi¬ 
gation  of  the  human  factor  in  accidents.  These  include 
taking  into  account  the  flight  safety  potential  of  the  mishaps, 
wrrect  reconstruction  of  the  events,  mechanisnu  of  errors, 
and  snciopsychological  considerations. 
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i  lie  Hclri;'.n  Air  f-orce  was  !tie  first  in  Htirope  to  introduce 
lt:f  F-l()  into  operational  squadrons  (paper  25).  Since  1979, 
the  i’.eitjians  F-los  have  suffered  high  attrition  rates.  Their 
cerieii!  rate  is  14  per  1(H'),0(K)  flight  hours  after  being  as  high 
as  2(1  from  1980  to  1983.  Such  high  rates  partly  were  due  to 
mechanical  lailiircs  occurring  in  the  early  years,  but  also  due 
to  the  drastic  increase  in  .'nuneuverability  and  performance 
of  the  F-16  in  comparison  to  the  previous  generation 
figiitcrs  u,se(i  by  Belgian  pilots.  Human  factors  causes  repre- 
.sented  a  large  portion  of  the  primary  accident  cause  factors 
a.scribed  to  these  accidents  (current  rate  9  per  1(X), 000  flight 
hours).  Four  aircraft  were  lost  in  flight  operations  related 
accidents,  five  in  controlled  flight  into  terrain  and  six  in 
midair  collisions.  Management  problems  in  a  partiatlar 
squadron  have  resulted  in  an  increasing  trend  in  accident 
rates.  After  identification  of  this  problem,  which  wr\s  not 
obvious,  and  subsequent  correction,  the  Belgian  Air  Force 
mishap  rate  returned  to  a  level  comparable  to  other  Euro¬ 
pean  nations  using  F-16s.  This  example  clearly  demon¬ 
strates  the  value  of  a  thorough  human  factors  investigation 
in  the  accident  investigation  process. 

It  should  be  noted  that  the  three  papers  dealing  with  F-16 
accidents,  given  by  authors  with  a  flight  surgeon  background, 
mainly  stress  the  role  of  tactical  and  performance  awarenes.s 
problems  (following  the  classification  proposed  by  Vander- 
beek).  Interestingly,  the  recommendations  of  the  inquiry 
boards  resulted  in  corrective  actions  such  as  enforcement  of 
night  procedures  and  regulations  and  specific  training  to  irn- 
t-’rove  situational  awareness  and  management  decisions. 

This  trend  and  the  effectiveness  of  corrective  actions  was 
eonfinned  by  the  review  made  in  the  Belgian  Air  Force  over 
a  21 -year  period,  reported  by  Biesemans  (paper  26).  The 
authors  addressed  both  combat  and  training  airaaft  mis- 
hap.s.  During  the  period,  114  airCTaft  and  62  pilots  have 
been  lost  by  the  Belgian  Air  Force  in  peacetime  operations. 
The  overall  rate  of  attrition  was  computed  at  10.8  per 
100,000  flight  hours,  with  a  rate  of  14 J  for  combat  aircraft. 
Globally,  operational  factors  were  involved  in  71  percent  of 
the  mishaps.  Their  analysis  showed  that  the  accident  rate 
increased  to  a  rate  of  16  over  the  past  12  years.  This  in¬ 
crease  coincided  with  a  drastic  reduction  in  pilots’  annual 
flight  hours  to  a  historical  low  of  120  hrs/year,  the  intro¬ 
duction  of  the  agile  F-16,  and  a  deficiency  of  experienced 
pilots  in  the  squadrons.  The  problems  of  decrea.sing  flight 
hours  and  pilot  experience  are  compounded  by  cuts  in  mili¬ 
tary  budgets.  This  situation  calls  for  increased  awareness 
and  a  more  active  role  of  management  and  flight  safety  per¬ 
sonnel  at  all  levels. 

'Fhe  survey  made  in  France  and  reported  by  Ossard  (paper 
25)  covered  a  24-year  period  from  1977  to  1990.  Some  210 
mishaps  were  reported,  leading  to  an  overall  rate  of  3.7  per 
100,000  hours.  Most  of  these  accidents  were  related  to  com¬ 
bat  aircraft  (72  percent).  Apparently,  the  introduction  of 
new  generation  aircraft,  Mirages  Fl-CR  and  2000,  did  not 
affect  this  proportion  although  the  specific  rate  related  to 
this  category  appears  slightly  higher  than  with  other  aircraft 
The  human  factor  remains  the  predominant  causa!  factor  In 
mishaps  (63  percent),  but  paradoxically  is  less  frequently  In¬ 
volved  in  combat  aircraft  di^  in  training  aircraft.  Fatalities 
occurred  in  46  percent  of  the  cases  with  a  dear  and  regular 
decreasing  trend  since  1987.  Regarding  the  nrw  generation 
of  fighter  aircraft,  a  delay  of  3  to  4  years  before  recording 
the  first  accident  after  introduction  in  operations  was  otv 
served  generally.  Spatial  disorientation  and  loss  6f  situation 


awareness  were  mostly  involved  its  the  cause  of  the  mishaps 
No  G-LOC  mi.shap.s  were  reported. 

Human  factors  were  presented  as  the  dominant  cause  of  ac¬ 
cidents  in  the  Hellenic  Air  Force  with  a  particular  emphasis 
on  pilot  error  (papers  27  and  28).  The  analytical  study  clas¬ 
sified  accidents  into  several  groups  including  pilot  related 
factors  and  environmental  stressor  effects,  fn.-idequatc  flight 
training  was  the  most  frequently  invoked  cause  and  psycho¬ 
logical  factors  also  appeared  to  be  a  problem.  C.alego- 
rization  of  pilot  error  fell  into  the  classical  categories  usually 
recognized.  The  trend  in  the  Hellenic  Air  Force  Ls  toward 
significant  progress  in  flight  safety  i.ssues,  while  .some  con¬ 
cerns  arc  raised  with  the  introduction  of  nav/  generation  air¬ 
craft. 

The  epidemiologic  analysis  of  fixed-wing  aircraft  accidents 
shows  very  clearly  that  combat  aviation  pays  the  heavier  tri¬ 
bute  to  operational  readiness.  Despite  some  concerns  re¬ 
garding  the  introduction  of  new  generation  aircraft  with  to¬ 
tally  new  capabilities,  it  seems  that  there  is  little  ground  to 
think  that  air  operations  will  become  increasingly  dangerous, 
at  least  during  peace  time.  As  a  matter  of  fact,  the  decrc-ise 
in  fatalities  observed  in  the  French,  which  could  probably  be 
matched  by  identical  observations  in  other  NATO  air  forces, 
may  definitely  be  related  to  technological  improvement  in 
escape  systems  (ejection  through  canopy,  0/0  rocket  pro¬ 
pelled  scats,  and  so  on).  It  still  remains  that  the  category  of 
mishaps  falling  intes  the  spatial  disorientation  problems,  par¬ 
ticularly  type  I  disorientation  (unrecognized),  arc  unani¬ 
mously  demonstrated  as  generating  a  very  high  fatality  rate. 
This  aspect  was  particularly  developed  in  Session  V. 


Session  V 

This  session  dealt  primarily  with  spatial  disorientation  as  an 
accident  cause  factor.  Paper  31  addressed  epidemiologic  as¬ 
pects  of  disorientation  and  aeddents  in  fixed-wing  aircraft, 
while  paper  32  dealt  with  disorientation  problems  in  rotary- 
wing  aircraft 

Lyons  (paper  31)  reported  that  spatial  (jlsorientation  con¬ 
tinues  to  be  a  major  contributing  factor  in  14  percent  of  ae¬ 
ddents  in  fixed  wing  aircraft  over  a  2-year  period.  Nine  of 
the  13  aeddents  recorded  were  fatal.  A  review  of  the  acd- 
dent  database  was  made  to  investigate  the  way  spatial  dis¬ 
orientation  factors  were  codified  by  investigatots.  Coding 
generally  was  found  to  be  quite  inconsistent  with  some  evi¬ 
dent  misclassification  and  sometimes  revealed  a  lack  of  un¬ 
derstanding  of  the  spatial  disorientation  problem  involved 
in  the  accident.  Differences  also  were  found  with  aeddents 
in  the  Navy,  though  some  semantic  variations  could  be  in¬ 
volved.  Definitional  problems  may  contribute  to  the  ob¬ 
served  range  in  SD  related  aeddents.  The  authors  suessed 
the  fiict  that  spatial  disorientation  very  oflen  is  indicated 
with  cockpit  attention  contributing  factors  and  that  the  dis¬ 
tinction  between  loss  of  situational  awareness  and  spatial 
disorientation  is  not  really  clear.  Therefore,  darification  of 
definitional  and  semantic  issues  seems  to  constitute  a  pre¬ 
requisite  to  a  sdentific  approach  to  the  stud|y  of  the  pro¬ 
blem. 

Dumford  (paper  32)  presented  the  results  of  a  questionnaire 
survey  intended  to  gather  information  on  the  genesis  and  se¬ 
verity  of  disorientation  episodes  tor  pilots  in  the  British 
Army.  Spatial  disorientation  historically  has  caused  1500 
percent  of  accidents  recorded  and  some  recent  changes  in 
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equipment,  and  trainifij-  introduced  a  need  for 
a  .Mirvc'v  of  current  disurieniatiori  problems.  A  high  rc- 
spoase  rate  (79  j^crccnt)  was  obtained  to  a  questionnaire  on 
disorienlatioti  episodes.  TVrenty-four  percent  of  aircrew 
reported  at  least  one  severe  incident  of  disorientation  during 
their  fiying  career  and  6  percent  had  such  a  problem  in  the 
•1-month  period  preceding  the  survey.  A  review  of  different 
factors  such  as  instrument  flying,  weather,  and  night  flying, 
,sh<!wei!  that  this  last  condition  contributed  to  an  increase  in 
•;cverity  arul  incidence  of  episodes.  NVGs  were  involved  in 
44  percent  of  the  cases  where  both  aew  had  been  dis¬ 
oriented  Distirientation  appears  to  be  a  major  concern,  re¬ 
quiting  improvement  in  equipment  and  of  information  dis¬ 
played  to  the  crew,  and  an  increased  awareness  of  problems 
related  to  NVGs,  FUR.  and  human  factors  consideratioas 
in  night  .safety. 

In  .sharp  contrast  to  jftie  preceding  papers,  paper  34  dealt 
essentially  with  coghittve  factors  involved  in  accidents. 
Mainly  based  on  the  expertise  of  a  cognitive  psychology 
team,  the  data  presented  claimed  that  87  percent  of  human 
factors  mishaps  over  the  past  decade  were  of  cognitive 
origin.  Medical  causes  accounted  for  63  percent,  while  phy¬ 
siological  prnblents  were  present  in  only  23  percent  of  the 
cases.  In  an  attempt  to  justify  their  findings,  Ac  authors  re¬ 
ferred  mainly  to  a  homemade  and  quite  restrictive  definition 
of  .spatial  disorientation  and  sensoiy  illusions  which,  as  a 
matter  of  foot,  is  highly  questionable.  However  the  ”in 
depth"  analysis  of  the  events  recorded  during  the  accident 
sequences  lead  to  a  very  interesting,  but  theoretical  descrip¬ 
tion  of  human  error  mechanisms  found  as  the  cause  of  the 
mishaps.  A  "cognitively  oriented"  database  has  been  devel¬ 
oped  to  help  improve  understanding  of  the  role  of  cognitive 
factors  in  flight  safety. 

Interestingly  enough  the  ffleta  analysis  based  on  these  differ¬ 
ent  papers,  espedally  on  fixed-wing  aoddents^  shows  quite 
clearly  that  the  field  of  expertise  of  the  authors  is  highly  cor¬ 
related  with  interpretations  made  on  the  causes  of  a^^dents. 
Flight  surgeons  found  mainly  tactical  awttren^  problems, 
physicians  and  managers  stress  the  role  of  medir^  aspects 
and  hierarchy  problems,  while  physiologists  regret  the  lack 
of  understanding  regarding  their  discipline  and  psychologists 
promote  "ail  cognitive"  issues.  This  demonstrates  dearly 
that  investigations  should  be  reviewed  by  a  mulddisdplinaiy 
team  and  that  a  multinational  aeddent  databa.se  should  in¬ 
clude  a  large  detailed  description  of  objective  material  in¬ 
stead  of  more  or  less  biased  interpretations  of  the  facts. 

Papers  33  and  57  addressed  several  cases  where  disorien¬ 
tation  problems  were  quite  obvious  and  which  were  sub¬ 
jected  to  detailed  investigations.  A  typical  take-off  aeddent 
involving  a  modem  jet  fighter  is  described  in  paper  33.  The 
analysis  of  the  flight  parameteis  shows  a  quasimechanica! 
relationship  between  otolithic  inputs  (calculated  from  Z- 
and  X-axis  acceleration  data)  ai;^  stick  inputs  before  the 
pilot  became  severely  disoriented  and  crashed  on  the  run¬ 
way.  Visual  cognitive  Infomiation  of  attitude  presented  in 
the  MUD  had  apparently  not  been  used,  the  pilot  behaving 
as  if  usii^  a  pure  sensdibhotor  mode  Instead  ot  a  represent¬ 
ational  mode  of  spatial  orientation.  A  correct  understand¬ 
ing  of  the  interfadng  processes  between  the  different  modal¬ 
ities  of  spatial  orientation  then  could  tmnstitate  a  key  issue 
for  the  de/elopment  of  visualization  and  other  devices  aim¬ 
ing  to  afleviate  disorientation  |Ht)bIems,  espedalfy  in  helmet 
mounted  systems. 


Instead  of  dealing  wiili  a  specific  mishap,  pajwr  57  tep-,;  :  J 
four  cases  of  disorkmaltoit  probiem.".  which  -.vcfc  .r.vc 
gated  using  liic  Pensacola  Vcslibiiiar  Test  liattery  1  hrcc 
of  the  airctew  were  referred  for  severe  in-fliglu  disoiutu 
fation  problems,  the  last  being  a  survivor  of  e  l>c!icop:e( 
Clash.  With  one  exception,  all  pilots  were  ftnind 
normal,  but  demonstrated  on  further  testing,  some  peui-p 
luol  anomalies  in  attitude  pertxption.  Among  several  ret 
omrnendatlons.  the  author  stressed  the  need  for  a  tborouph 
.screening  of  flight  applicants,  the  use  of  spcciflcspatiu!  ori 
entation  testing,  and  building  of  a  normative  and  pjtliu 
logical  response  database.  A  predictive  model  <  /f  perccjitual 
response  to  acceleration  stimuli  also  would  be  helpful  for 
elucidating  mishap  causes  and  for  designing  improved  naan- 
machine  interfaces  to  prevent  spatial  orientation,’  It  is 
interesting  that  both  papers  explicitly  siifqiort  the  view  of  a 
dual  aspect  of  spatial  orientation,  sensorimotor  and  re¬ 
presentational /perceptual  as  being  part  of  a  common  pro¬ 
cess  vriiich  cannot  easily  be  disassociated  and  have  to  be 
taken  into  account  as  a  whole. 

An  experimental  simulator  study  concerning  the  effects  of 
medium  blood  alcohol  levels  (up  to  0.8  percent)  on  heli¬ 
copter  pilot  performance  was  presented  in  paper  35.  Pilots 
were  tested  on  a  2.S-hour  simulated  IFR  flight  with  and 
without  alcoholic  intoxication.  Performance  data  recorded 
during  the  flight  were  compared  for  the  two  conditions. 
Major  enors  in  radio  communications,  navigation,  and  heli¬ 
copter  control  were  recorded  for  intoxicated  pilots,  but 
those  with  an  extensive  experience  were  less  prone  to  such 
errors  than  less  experienced  pilots.  Nevertheless,  the  crews 
never  failed  to  correctly  execute  emergency  procedures  even 
when  under  the  influence  of  alcohol. 

SesrionVI 

Session  VI  was  devoted  to  the  epidemiology  of  rotary-wing 
accidents.  Four  of  the  papers  focused  on  ditchings.  In  re¬ 
cent  years,  there  has  been  an  increased  interest  in  NATO 
services  in  beUcopter  ditchings.  Efforts  have  been  focused 
primarily  on  issues  relating  to  prevention  and  escape  from 
a  submerged  aircraft  The  first  four  papers  (363738,  and 
39)  Steele-Perkins,  Brooks,  Giry,  and  Barker  presented 
excellent  summaries  of  the  ditching  experience  in  the  Royal 
Navy,  the  Canadian  Forces,  the  Frendi  Navy,  and  the  U.S. 
Navy.  Their  findings  can  be  summarized  as  follows;  (1) 
over  half  of  ditchings  are  due  to  mechanical  failure;  (2) 
over  three-quarters  of  ditchings  are  survivable;  (3)  ditchings 
uniformly  involve  rapid  inversion  and  sinking  of  the  heli¬ 
copter  resulting  in  most  deaths  being  attributed  to  drowning; 
(4)  escape  and  survival  training,  particularly  using  dynamic 
traim'ng  devices,  vastly  Improves  occupant  survival;  (5) 
underwater  lighting  systems  and  portable  emergency  breath¬ 
ing  devices  improve  survivability.  Steele-Perkins  ako  noted 
that  most  deaths  occurred  in  disorientation  mishaps  where 
the  water  entry  was  uncontrolled.  The  Royal  Navy  is  devel¬ 
oping  peripheral  vision  displays  and  height  warning  displays 
to  help  prevent  pilot  disorientation  over  water. 

The  papers  by  Shar^lian  (number  40)  and  MdSntire  (num¬ 
ber  42)  discussed  more  general  aspects  of  helicopter  crash 
survivatHlify,  Shanahan  reviewed  the  12-year  crash  exper¬ 
ience  of  the  U.S.  Army  Black  Hawk,  the  ^t  helicopter  de¬ 
signed  to  modem  crashworthiness  standards.  This  heli¬ 
copter,:  has  consistently  provided  occupant  protection  in 
crasheiitwith  vertical  velocities  up  to  60  ft/s.  This  per¬ 
formance  distinctly  proves  the  validity  of  the  cra$hwonhine.ss 
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M>:!  iusfc  Jat.i  siiinvii’.j^  thw  the  aitretu  o; 

!niT!’.:i  ri'<-'s  li'ied  ;i!  lieiicfiptcTS  IS  iiot  providing  appropriuiv 
kii’lirijt  siinirr  n!!  crash  conditions.  He  has  documented  on 
iot'io.is  cases  svhe;  ..-  be!t•e^^eIlsi()rls  of  up  to  25  cm  have  oe 
cofred  he'o.re  tiu-  reel  k'cked.  'nds  situtdion  has  resulted  in 
n-as  V  setituss  mlih  ie';.  He  sujyte.sts  that  a  new  perfortnassec 
lie-  iei!  stafidatd  is  needed  that  addresses  all  potential  hcH- 
eep-u  r  crash  environments  and  that  considers  the  lower  on- 
SC!  r;oes  a.nd  peak  accelerations  experienced  in  helicopters 
cqnitsped  with  et’.ergy  ailenualint;  landing  gear  and  crew 
scaE.s. 

Kirkpatrick  (paper  29)  discussed  the  results  of  a  study  inves¬ 
tigating  task  errors  and  associated  problem  areas  causing 
U.S.  Army  rotary-wing  accidents  over  the  period  1984  to 
1993  The  most  frequently  identified  task  errors,  encom- 
pa.ssing  over  50  percent  of  errors,  were  improper  decision, 
intproper  attention  and  inadequate  commurucation.  The 
most  frequently  identified  problem  areas  were  inadequate 
crew  coordination  and  improper  scanning.  The  U.S.  Army 
Safetv  Center  has  initiated  corrective  measures  intended  to 
reduce  the  ocoirrence  of  the  identified  errors. 

Session  VII 

Session  \TI  included  three  papers  addressing  different  as¬ 
pects  of  rotary-wing  accident  and  injury  prevention.  Licina 
(paper  43)  presented  a  paper  describing  the  U.S.  Army  Avi¬ 
ation  IJfe  Support  Equipment  Retrieval  Program.  In  this 
program  life  support  equipment  is  retrieved  from  cra.shes 
and  personal  injury  data  are  correlated  with  the  item  of 
.  iUSE,  the  crash  dynamics  and  documented  aircraft  struc¬ 
tural  damage.  These  data  are  entered  into  a  database  that 
is  used  to  identify  design  deficiencies  and  to  substantiate  the 
need  for  system  improvements.  The  program  has  had  re¬ 
markable  success  it*  improving  ALSE  and  in  providing  the 
ba.sis  for  new  design  criteria  over  the  two  de^des  of  its  ods- 
ience.  Similar  programs  in  other  services  would  serve  to 
strengthen  the  database. 

Aiem  (paper  44)  discussed  the  results  of  preliminary  work 
directed  toward  e.stablishing  the  efficacy  of  the  <»ncept  of 
employing  airbag  restraint  systems  in  attack  heliojpters  to 
prevent  serious  head  and  upper  torso  injuries  due  to  striking 
the  gunsight.  Using  mockup  front  «>ckpits  of  the  i^che 
and  Cobra  helicopters  mounted  on  a  horizontal  sled  accel¬ 
erator  and  a  modified  Hybrid  III  manikin,  the  researchers 
noted  markedly  reduced  indiws  of  injury  when  standard 
automotive  airbag  systems  were  mounted  to  ibe  gunsights. 
Based  on  this  preliminary  work,  more  detailed  design  con¬ 
cepts  are  being  explored  with  the  goal  of  using  a  3-bag  air¬ 
bag  system  in  the  new  Comanche  heliroptcr. 

In  the  final  paper  of  the  session,  Shively  (number  45)  dis¬ 
cussed  efforts  at  NASA-Ames  Research  Center  to  develop 
a  prefiight  risk  assessment  ^tem  (SAFE)  for  use  hy  oper¬ 
ators  of  emergency  medical  service  helicopters.  Inttia}  tests 
have  shown  poor  correlation  of  SAFE  to  pilot  peraived  risk 
and  workload,  but  the  authors  are  optimistic  that  efforts  to 
refine  the  system  will  improve  its  validity.  Th^ maintain 
that  incorporating  more  data  sources  and  with  the  pro¬ 
liferation  of  personal  aimputcrs  that  this  or  similar  sjstems 
will  become  an  important  aid  to  aviation  saff^. 
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and  the  toxicological  ‘ovi  lasga-ioh  i>!  airuaft  acesds.!!;- 
Winterfcld  (paper  4;.;  pfc.cided  a  xynopsir,  of  the  r-k  v 
AdARD  Profnibion  asul  f^nergctic.-i  Bane!  ^yntiKistiioi  or: 
airciaft  fire  safely  in  order  u»  stimuiatc  exenange  hetwee:; 
the  PEP  and  the  .AMP.  He  suggested  that  fi.re  hardenii:-- 
aircraft  had  ii!crc'a.scd  considerably  siirvivai  timcf.,  hut  ?i-  a 
the  prospects  for  .additionai  impfovcmcni  in  this  area  wci  . 
not  encouraging.  He  expects  ihai  future  progresa  wil!  tse 
achieved  through  systenvs  designed  to  protect  occunanis 
from  the  consequences  of  fire,  namely  heat  and  toxic  fume*, 
Development  of  these  systems  will  require  the  panicipalior- 
of  medical  and  other  human  factors  experts  as  well  as  engi¬ 
neers.  Therefore,  he  stressed  the  need  for  additional  co 
operative  research  and  development. 

Kerguelen  presented  a  paper  (number  47)  addressing  toxic 
fumes  released  during  cabin  fires  and  the  effects  a  decrease 
in  atmospheric  pressure  may  have  on  the  toxicity  of  the 
fumes.  Realistic  fire  conditions  were  duplictited  in  the  labo- 
atory  and  thermolysis  products  of  six  materials  commonly 
ised  in  cabins  were  analyzed.  To  evaluate  the  toxicity  of 
the  released  fumes,  the  mou,sc  was  used  as  the  animal  mo¬ 
del.  The  study  showed  that  lowering  atmospheric  pressure 
to  700  from  1000  hPa  slightly  altered  the  chemistry  of  the 
thermolysis,  but  significantly  increased  the  toxicity  of  the 
generated  gas  mixture  in  which  carbon  monoxide  and  hydro¬ 
gen  cyanide  were  predominant.  The  authors  offered  con¬ 
vincing  explanation,  supported  by  the  literature,  which  relate 
the  blood  concentration  of  toxins  to  partial  pressure  of  the 
oxygen  in  the  inhaled  air.  The  study  demonstrated  the  need 
to  account  for  pressure  in  evaluating  toxic  gases  releaseii 
during  thermolysis.  However,  the  produced  data  have  not 
been  used  to  establish  or  recommend  new  standard.s  for  fire 
testing  of  materials  used  in  aircraft  cabins. 

Powitz  (paper  48)  discus.sed  techniques  employed  hy  the 
Aviation  Pathology  Group  at  the  GAF  Institute  of  Aviation 
Medicine  for  performing  toxicological  analyses  of  patho¬ 
logical  specimens  recovered  from  aircraft  accidents.  He 
stresses  using  caution  in  making  a  determination  of  "smoke 
in  the  cockpit"  based  on  detecting  pyrolysis  products  by  gas 
diromatography.  Inhalation  of  kerosene  and  fasting  blood 
produce  similar  patterns.  Likewise,  he  notes  that  tissue  im¬ 
mersed  in  sea  water  can  absorb  bromine  and  this  process 
must  be  distinguished  from  premortem  use  of  bromine  con¬ 
taining  drugs.  He  also  provided  evidence  that  current  gas 
chromatographic  methods  of  detecting  alcohol  in  biological 
spedmens  may  produce  falsely  elevated  values  due  to  bacte¬ 
rial  putrefaction  occurring  during  the  analytical  proces.s. 

TTie  final  paper  of  the  session,  presented  by  Mayr  (number 
49),  reviewed  the  27-year  history  of  the  Aerospace  Pathol¬ 
ogy  and  Toxicology  Department  of  the  GAF  Institute  of 
Aviation  Mcdidne.  He  also  detailed  the  current  organi¬ 
zation  of  the  department  and  described  its  methods  and 
duties. 

Session  IX 

Session  IX  focused  on  the  role  of  pathological  and  histo 
logical  mcantinations  in  aircraft  aeddent  investigation.  In 
the  first  paper  (number  50),  Kramer  stres-sed  Ae  importance 
of  histblo^cai  examination  in  the  determination  of  accident 
causation.'  He  notes  that  macroscopic  postmortem  finding 
arc  relevimt  to  determining  injury  cause  factors,  but  they  arc 


i-ir  .'i-iermming  acttdff.i  tauii;  faciors,  IJisio 
logua!  i;»aniinatiuns  frequently  arc.  uliJc  t«M!rternune  pathu- 
Ujysc.tl  liianj'cs  u-lated  «i  picc*i^ting  medical  cordilitia'i  that 
rn.'v  h  u  e  been  iuvolvetl  in  the  cause  nf  tite  acrideiK.  In  his 
cs(  VI  ii-titi;.  afipriiximalfly  10  percent  of  cases  liave  manifest 
histitiiaiholrrjjical  changes.  Hrrw  many  of  these  were  defer- 
mlui  i!  to  he  related  to  accident  cuusntiim  was  not  stated 
lo  ,i((ipori  hi.s  thesis,  he  presented  several  illustrative  case 
rcpsvts 

hhe  lust  twir  papers  of  the  session  discussed  patterns  of  in- 
futv  lound  in  aircraft  accidents,  f’axinos  (paper  52)  re¬ 
viewed  injuries  sustained  in  crashes  in  the  Hellenic  Air 
f  orce  rluring  the  years  1^74-1990.  Garda  Alcon  (paper  53) 
presented  an  epidemiological  study  of  ejections  In  the  Span¬ 
ish  Air  Force  over  a  5-ycar  period.  During  the  study  period, 
there  were  20  ejections  with  three  fatalities.  From  an  analy¬ 
sis  of  these  ejections  he  rcempha.sized  the  importance  of 
correct  silting  posture  and  initiation  within  the  prescribed 
safe  ejection  envelope.  To  improve  both  factors,  he  stre.sscd 
the  imjHjrlance  of  training  in  ejection  simulators  and  in 
parachute  landings.  He  also  noted  the  importance  from  a 
psychological  standpoint  of  returning  pilots  to  duty  as 
rapidly  as  po.s.sib!e  after  an  ejection.- 

Ses.sioD  X 

This  session  comprised  only  four  papers,  and  three  of  these, 
presented  fry  Rcjman  and  Symonds,  emanated  from  the  Hu¬ 
man  Factors  Unit  of  the  UK’s  Army  Air  Corps.  In  the  first 
]>aper,  Rcjman  (number  54)  pursued  the  thesis  that  most  ac¬ 
cident  research  is  “reactiye"  in  looking  back  at  the  events  of 
an  accident,  but  that  fli^t  safety  research  should  be  much 
more  “proactive"  if  it  is  to  have  any  effect  on  aeddent  pre¬ 
vention.  Thus  he  has  tried  to  identi^'  thase  sources  of  data 
cxi.sting  within  his  own  organization  that  may  act  as  indi¬ 
cators  of  risk  and  thus  enable  "proactive  intervention." 

Although  the  basic  idea  here  is  similar  to  that  put  forward 
by  Rameckers  in  the  opening  session  (paper  5),  the  ap¬ 
proach  was  rather  different  In  the  Rejman  paper,  organi¬ 
zational  a.spects  of  safety  are  addressed,  and  an  attempt 
made  to  define,  if  not  quantify,  the  "organizational  ethos," 
but  most  of  the  study  concentrates  on  generating  a  coherent 
database  of  selection,  training,  and  operational  assessment 
data.  It  already  has  been  possible  to  identify  critical  types 
of  training  assessment  pattern  that  may  be  useful. 

The  paper  presented  by  Symonds  (number  5fi)  on  prediction 
of  success  from  training  data  appeared  to  pursue  the  same 
approach  to  the  analysis  of  training  data  as  that  referred  to 
above,  but  used  the  data  in  order  to  attempt  to  predict  over¬ 
all  success  in  flying  training.  Although  the  techniques  de¬ 
scribed  probably  represent  some  advance  in  the  way  in 
which  training  data  can  be  analyzed,  and  the  "error  rating 
profiles*  that  arc  produced  by  the  analysis  may  be  used  in 
.screening  for  potential  safety  risks,  the  main  thrust  of  this 
paper  was  in  the  direction  of  predicting  flying  training  suc¬ 
cess  rather  than  future  hazard-lhough  these  factors  may 
well  be  related. 

Hie  second  paper  presented  by  Rejman  (paper  55)  took  a 
traditional  human  factors  approach  to  a  review  of  recent 
British  Army  Air  Corps  accidents,  but  was  interesting  in  at¬ 
tempting  to  categorize  the  same  set  of  accidents  in  terms  of 
three  different  categorization  systems  or  taxonomies.  The 
comments  in  the  Rejman  paper  on  the  relative  utilities  of 
the  -.ystems  he  used,  and  the  difficulties  that  be  encountered 


in  assigning  uccnlvnis  to  causji!  cate,,*uuei,  ,ift  wmiii 
for  others  who  may  be  in  the  pritces*  of  genciaiifig  nr  usitsg 
such  databases.  !li.s  work  was.  hniited.  piintspajiy,  tiy  the 
relatively  small  size  of  the  accident  sumple  that  was  avail 
able  to  him,  and  a  replicabon  of  this  work  using  a  lafj-ef 
samjiie  of  accidents  and  a  wiils-r  variety  of  categorizanim 
systems  could  well  be  u.sefui 

The  final  paper  In  this  session  was  presented  by  Myhre  of 
Norway  (number  SB)  and  Mldressed  the  issue  of  whether  fe¬ 
males  on  modern  flight  decks  were  d-fferent  from  male  crew 
members  In  ways  that  required  addressing  in  flight  deck  or 
cockpit  resource  management  programs  AUhtmgh  this 
paper  had  nothing  to  do  with  accident  investigation,  it  made 
some  prtints  that  were  related  to  safety.  Perhaps  ihe  main 
one  was  that  the  paper  highlighted  studies  that  indicate  that 
men  and  women  communicate  in  rather  different  ways,  with 
Women  tending  to  send  rather  le.ss  "direct  messages  than  the 
men,  who  arc  more  "matter  of  fact"  in  their  interactions. 
The  impact  of  this  and  other  .sex  differences  are  discussed 
in  this  most  speculative  paper,  but  because  of  this  specu¬ 
lative  approach,  little  by  way  of  firm  conclusion  was 
reached. 

Session  XI. 

Tarricre  (paper  59)  investigated  individual  sires.s  suscepii-.. 
bility  in  regard  to  accident  avoiding  behavior  in  cars  One  " 
hundred  subjects  were  tested  at  a  car  track  test  facility  after 
being  screened  for  stress  reactivity.  Physiological  data  were 
recorded  during  the  test&-wdiich  consisted  of  a  collision 
avoidance  task  using  stafidard  and  ABS  brakes.  Physio¬ 
logical  and  psychological  tests  were  found  to  be  correlated 
with  success  In  performing  the  manoeuver.  though  some 
concerns  were  raised  in  the  audience  about  the  effect  of  an 
unbalanced  experimental  design,  especially  in  regard  of  ABS 
efficacy.  The  reliability  of  the  physiological  measurements 
also  was  questioned. 

Of  more  interest,  paper  62  dealt  with  a  system  using  physio¬ 
logical  indexes  to  detect  vigilance  impairment  in  automoibe 
drivers  based  on  real  time  analysis  of  steering  wheel  move¬ 
ments.  During  the  design  and  proof  of  concept  phase,  the 
level  of  vi^ance  was  evaluated  using  EHG  and  EOG  asscK- 
iated  with  a  video  analysis  of  driver  behavior.  Some  prelim- 
irury  results  showed  that  early  detection  of  bypovigitance 
epis^es  is  improved  significantly  through  the  analysis  of 
EOG  recordings.  Such  a  physiological  reference  should  be 
helpful  in  evaluating  the  results  from  the  steering  wheel 
movements  analysis. 

Paper  61  also  addres.sed  the  interest  of  some  physiological 
measures  in  regard  to  safety  problems  during  vehicle  pilot¬ 
ing  tasks.  The  power  spectrum  of  heart  rate  showed  a  sensi¬ 
tivity  to  ment^  cflort,  particularly  in  the  frequency  range 
0.02  to  0.05  Hz.  This  effcci  was  dem<.>astrated  during 
speech  recognition  tests  at  rest  versus  real  situations  in  train 
engineers  and  pilots,  though  not  systematically  present  dur¬ 
ing  tasks  requiring  increased  attention.  Tlierc  was  no  cor¬ 
relation  with  task  difficulty  or  operator  performance,  but 
some  with  the  mental  effort  realized  by  the  subject.  This 
method  should  be  useful  to  evaluate  the  nciivaiion  of  the 
adrenergic  system  and  subject  involvement  in  the  task. 

The  paper  by  Heron  (number  60)  did  not  describe  any  com¬ 
pleted  work,  but  described  how  a  Canadian  group  is  hoping 
to  U.SC  a  basic  aircraft  simulator  to  train  pilots  in  handling 
emergencies.  During  the  training,  they  will  t>e  monitored  in 


T-9 


«  nnAw  to  inciHde  bott  decttaraoefrialQgniriiic  aad 
nwfwitotwc^gliokfrtyliic  tedt^qois.  prc^raia 

ii  ooofiBied  dw  nmctt  tt>  pc«p«i^»  «Ml  hope  £w  tbc 
fitintCilMtciBbenidalboBtk.  liuqrwiBztgHNtkMnir* 
ffWoft  iMHWwer,  K  tit  radtoaeiilMy  Mine  of  dio  pnoaoed 
liwtdMor  and  Oe  poos  mttwe  of  ^  «mdiia>ed  jlpsdo^ 
kigtetf  iMaiuRt  an  cipaUe  of  pradbebig  uoofid  na^ 

Ha  ted  tiw  of  tte  maortm  w»a  doBvcfod  hf 
Ceingte(jHmBtmt^mait*).  la  te  flat  >o  ijemBtod  a 
mmbtt  of  iHwdooB  lioti^  paMaof  dM  he  torawd 
’^pMaabi.*  Hooe  aoctiwtt  peoataawt 

■**hv***.  ^lobie  aad  ooBatetpinhie  h^ 

Iwdoa.  He  coBchaied  dad  pfiolsahoiildkiaadl^  their  om 
haaadoBe  ttoopa  procotiee,  he  asnre  of  OotB,  aad  td» 
Mfe  to  keep  dim  note  ooBiroL 


d.  cxmcumcws 

6.1  CoBiptm  and  dnroi^  aocideat  iawealifBtioBi  provide 
dw  bade  of  a  nooeieftil  aockteat  pnveadoo  profiaBL  The 
medieal  poctioa  of  the  inveedfadoa  rapdres  a  haqteod 
approach  ndag  a  iaahMh(%teBy  team  of  human  Cectm, 
engiBeeriag,  aad  meted  e^pertt. 

62  Wdi  the  iacreaiBig  raiiabi%  of  ahtndt  qatraat, 
weather  ftaewaitBH  Md  araidnioe  qateaB,  aad  nav^adon 
^fjtrim,  dm  vait  minority  of  aocideala  wffl  oandane  to  be 
due  to  hBrnwii  primarify  I^a  crow,  mior. 

63  TV>  eSect  a  rednclkm  in  human  etrar  aoddeatik  more 
emphaeie  aoadi  to  be  piaoed  oa  dm  hmnaa  facion  ponton 
of  airendt  aoddent  iavaidpatioBt.  Thit  cnphads  auMt  be 
supported  by  eoopemdva  human  tacton  weeawh. 


&4  AccMeat  iaveiHpatkai  teams  dwald  iadude  htunan 


The  lad  paper  (mindier  66)  ocmsisted  (rf  another  hxdc  St  the 
Itet^thin  a(ytb.  It  is  diftelt  to  sviud  die  nodoa  dud  the 
aaif  siainidnd  tbinp  about  'hiortiydim*  theory  is  that  aiqr- 
bo^  dwald  ever  have  found  it  rmotely  ^mtsOde.  New- 
ditest,aaBiabmofrese«dienteea(andnedbaie!mm- 
bea  of  aorideuta,  and  rdated  these  to  foe  tees  <rf  birth  <rf 
foe  pilott  iamlved  to  see  vfortber  fo«e  was  a^  oondatkm 
with  the  faypothmmedbifHlqdmaqfdet.  This  papm.lSte  the 
odim,fe^no»ichrelafo»diq>.  If  tUs  ineseatifooo  tdh 
us  aqdhhig,  it  is  surd^  that  fome  it  no  mapcd  stdothm  to 
dm  prefalon  of  eepfaiinfaig  bmnan  mior.  Errms  made  by 
^BtmaaacoaapieaaiidchangBaWeaahunMmbe^willre- 
qone  modte  foat  are  just  as  cooqte.  Simpfo  nduthms 
fooqply  are  not  amdUile. 


6.6  Dhection  ftn  inqHovmnents  in  aircraft  crash  surviv- 
ddlity  must  be  based  on  priorities  estaldufoed  diroiqfo 
tbtttK^  iifony  nwestigatioiis.  These  effrets  must  be  nip- 
ported  by  coordinated  scientific  research  pn^rmns. 

6.7  As  in  the  investipafondT  bmnan  error  causes,  too  little 
emphasis  has  traditkmally  been  {daced  on  injury  invesd- 
fitem. 

62  To  best  ensure  prafosskmal  and  uiibiased  jui%eiiients, 
secidMtt  investigation  teams  should  be  comprised  of  pro- 
femiooid  mvestigators  who  me  conpletrty  tndqiendent  of 
dm  orgmiiaalkm  to  which  die  accident  airaaft  bekmgs. 

7.  KEOHiMiailDATiOMS 

7.1  Thettemeodousies|Mmsebyauthmstodieaimounoe- 
nmuft  of  foil  sympoaium  indicates  the  hteite  interest  of  dm 
AOARDeonmioaityinaircnftaocidentinrest^ation.  AMP 
foodd  conaite  conveniug  fiitnre  coidereacet  dediiv  with 
^mcifie  topka  rdated  to  accident  javeadgation. 

73  Airoaft  noddeat  investtgation  boards  foouM  rootfo^ 
hMhtde  hBamn  focton  caqmrtise. 

73  Afwiriw  tespwnibte  te  convening  an  dicraft  acekteit 
banid  ahoidd  fuatmitee  the  md^radraw  of  tte  board  to 
dm  oiteat  poasibie. 
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1  am  delighted  to  deliver  the  opening  lecture  to  this 
meeting  and  I  recognize  what  a  privilege  it  is  to  do  so. 
This  is  especially  true  given  the  level  of  expertise  and 
experience  that  is  so  obvious  in  both  the  audience  and 
speakers.  I  also  feel  extremely  pleased  that  although 
this  meeting  is  about  trends  in  aerospace  medical 
investigation  techniques,  it  is  a  psychologist  and  not  a 
doctor  delivering  this  opening  lecture. 

I  might  just  observe  here  that  1  feel  that  it  is  absolutely 
right  that  the  disciplines  concerned  with  the  human 
factor  in  aviation  should  come  together  at  meetings 
such  as  this.  The  only  difficulty  that  I  see  is  what  to 
call  the  aggregation  of  physiologists,  physicians, 
psychologists,  ergonomists,  anthropometrists,  and  even 
sociologists  who  may  have  a  contribution  to  make.  I 
think  that  since  all  of  these  disciplines  are  concerned 
with  the  'human  factor'  in  aviation,  it  makes  sense  to 
call  all  of  them  'human  factor'  pursuits  of  one  sort  or 
another,  and  not  to  reserve  this  term  for  applied 
psychology  or  ergonomics  as  sometimes  happens. 

I  am  not  suggesting  that  the  practitioners  in  these 
disciplines  should  lose  their  individual  skills  or  group 
identities,  and  I  certainly  would  not  wish  to  suggest 
that  they  can  do  each  other's  jobs,  but  I  do  hope  that 
they  will  all  realize  the  part  they  have  to  play, 
interacting  with  one  another,  in  the  overall  human 
factors  picture.  I  think  that  I  am  probably  pushing  at  an 
open  door  in  canvassing  such  views  at  this  conference. 
The  ICAO  and  ECAC  syllabuses  in  human  factors  for 
pilots  already  take  this  integrated,  multi-disciplinary 
view  of  the  subject  area  of  'human  factors',  and  1  am 
sure  that  this  integration  of  approach  will  become 
increasingly  prevalent  in  future. 

Because  I  am  a  psychologist  and  not  a  doctor, 
however,  I  will  not  attempt  to  review  the  role  of  the 
physician  in  accident  investigation,  but  I  will  try  to 
identify  some  problem  areas  that  I  see  for 
psychologists,  in  the  hope  that  some,  perhaps  all,  of 
the  facUm  I  address  will  have  a  broader  significance  in 
the  human  tetors  coaummity. 

I  would  like  to  b^;in  by  discussing  briefly  two  very 
basic  psycbologtcal  effects  that  can  cause  both  pilots 


and  accident  investigators  to  err.  The  first  is  one  of  the 
most  important  psychological  causes  of  human  error 
accidents,  and  is  the  family  of  effects  sometimes 
referred  to  as  ‘hypothesis  locking'  or  'confirmation 
bias'.  For  the  non-psychologist,  I  should  briefly 
explain  that  these  effects  concern  the  tendency  that 
people  have  to  be  reluctant  to  change  their  mind  -  even 
when  they  really  should  -  and  I  would  like  to  give  a 
couple  of  examples. 

The  first  occurred  to  a  British  Airways  747  in  the  early 
1970s.  The  aircraft  was  approaching  Nairobi  and  had 
been  given  an  intermediate  descent  clearance  in  which 
the  controller  told  the  aircraft  that  it  had  been  cleared 
down  to  'seven  -  five  -  zero  -  zero'.  The  'seven'  was 
not  heard  by  the  crew,  and  the  stimulus  detected  by 
them  must,  therefore,  have  been  'five  -  zero  -  zero'. 
The  first  officer  read  back  the  clearance  as  'Cleared  to 
five  thousand’,  but  the  air  traffic  controller  failed  to 
notice  the  error.  Both  the  first  officer  and  the  captain 
had  taken  the  incomplete  information  that  they  had 
received  and  massaged  it  a  little,  quite  unconsciously, 
in  order  to  convert  the  stimulus  into  a  plausible,  albeit 
inaccurate,  percept. 

More  interesting  was  what  happened  next,  however. 
The  glide  slope  pointer  disappeared  off  the  top  of  the 
attitude  indicator,  a  glide  slope  warning  flag  appeared, 
and  the  aircraft  broke  cloud  at  an  extremely  low 
altitude.  Despite  all  of  these  cues  the  captain  continued 
to  descend,  having  dismissed  the  information  that  did 
not  fit  his  mental  model  as  either  instrument  failure  or 
visual  illusion.  It  appears  that  once  this  captain  had 
generated  a  mental  model  with  which  he  was  happy,  he 
was  not  to  be  shifted  from  it. 

The  sectmd  example  of  'hypothesis  locking'  that  1 
would  like  you  to  consider  occuned  on  board  the 
British  Midland  737  that  crashed  at  Kegworth,  in  the 
UK,  just  over  three  years  ago.  The  left  engine  of  this 
aircraft  began  to  fail  as  it  reached  about  30,000ft, 
producing  a  smell  of  burning  and  a  shuddering  on  the 
flight  deck.  The  first  officer  suggested  that  thme  was  a 
fire,  and  the  captain  said  'Which  one  [engine]  is  it 
though?'.  The  first  officer  gave  his  attention  to  die 
engine  instruments  and  said  'It's  the  le  .  .  -  It's  the 
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right  one.'  An  inaccurate  mental  model  had  been 
generated,  and  was  confirmed  for  the  crew  when,  on 
throttling  back  the  right  engine,  the  shuddering 
coincidentally  stopped.  There  was  evidence  available  to 
this  crew  from  the  engine  instruments,  especially  the 
engine  vibration  gauges,  that  the  left  engine  was 
continuing  to  be  faulty.  They  could  also  have  asked  the 
cabin  crew  whether  they  had  seen  anything.  Had  they 
done  so,  they  would  have  learned  that  flashes  of 
glowing  debris  had  been  seen  leaving  the  left  engine. 
The  crew,  however,  did  not  check  their  situational 
model  by  seeking  to  disprove  it  (it  could  be  argued  that 
they  had  never  been  trained  to  do  so),  and  the  aircraft 
was  finally  lost  when,  on  final  approach,  the  captain 
demanded  power  from  the  failing  left  engine,  only  for 
it  to  die  completely. 

The  second  effect,  or  set  of  effects,  that  I  would  like  to 
mention  concerns  the  social  factors  that  influence  crew 
behaviour  on  flight  decks,  and  the  example  that  I 
would  like  to  use  comes  from  the  database  of  the  UK 
Confidential  Human  Factors  Incident  Reporting 
Programme  (CHIRP).  In  this  incident,  a  conunercial  jet 
containing  a  three  man  crew  had  already  been  forced  to 
overshoot  its  destination  runway  twice  because  of  bad 
weather.  The  crew  took  the  aircraft  into  a  hold  in  order 
to  plan  their  diversion  when  they  heard  that  another 
aircraft  had  just  landed  at  their  desired  destination. 
Their  company  rules  were  clear  •  they  must  divert  •  but 
the  suggestion  was  made  by  one  crew  member  that  they 
should  have  another  attempt  at  landing,  but  this  time 
reducing  their  decision  height  (illegally)  by  SOft.  This 
was  rejected  by  the  other  crew  members,  but  they 
managed  to  agree  to  another  suggestion  that  the  aircraft 
should  be  flown  down  to  its  decision  height,  flown 
level  at  this  height  until  runway  lights  were  seen,  then 
the  approach  resumed. 

Those  familiar  with  flying  will  identify  a  disaster 
waiting  to  happen  here,  and  those  familiar  with  a  little 
social  psychology  will  see  the  effects  of  both  'risky 
shift'  (groups  tend  to  make  more  polarized  decisions 
than  individuals),  and  'compliance'  (people  will 
generally  be  more  likely  to  agree  to  an  unreasoiuble 
suggestion  if  it  has  been  preceded  by  an  even  more 
urueasonable  one)  at  work.  To  complete  the  narration 
of  the  incident  I  should  mention  that  the  crew  members 
carried  out  their  plan  but,  not  having  seen  the  runway 
threshold  lights,  landed  an  unknown  distance  down 
runway  and  carried  out  a  maximum  performance  stop. 
The  pilot  filing  the  report  commented  that  after 
stopping,  silence  filled  the  cockpit  as  the  crew 
members  realized  that  they  had  all  been  party  to  an  act 
of  'supreme  folly'. 

My  reason  for  b^iiming  with  these  examples  of  a  pair 
of  well  known  psychological  effects  is  not  to  atteoqrt  to 
inform  ttie  reader  about  them  •  though  the  participants 
in  this  conference  come  from  a  sufficiently  wide  set  of 


backgrounds  that  I  do  iqjpreciate  that  not  all  will  be,  or 
will  wish  to  be,  familiar  with  any  social  psychology  - 
but  to  suggest  that  accident  investigators  as  groups  or 
individuals  may  fall  into  the  same  traps. 

Accidents  generally  present  the  investigator  with  a 
number  of  cues  or  information  points  that  represent 
only  a  subset  of  the  total  required  completely  to  define 
the  events  of  the  incident.  Sometintes  this  may  be  a 
fairly  informative  subset,  if,  for  example,  there  is  a 
surviving  crew,  cockpit  voice  recording,  flight  data 
recording,  and  good  witnesses,  but  sometimes  the 
available  information  can  be  very  thin  indeed.  In  any 
evort,  the  investigator's  job  is  to  sift  the  data,  to  make 
patterns  from  it,  and  to  generate  a  coherent  model  that 
pulls  together  as  much  of  the  data  together  as  possible  - 
if  not  all  of  it.  We  should  beware  of  'confirmation 
bias',  however.  It  can  be  awkward  whra  a  piece  of 
information  comes  along,  after  we  have  generated  our 
accident  model  (or  made  up  our  minds),  that  does  not 
fit,  so  it  is  very  tempting  to  dismiss  the  new  evidence 
as  in  some  way  utueliable  or  flawed. 

Worse,  we  may  have  generated  an  accident  model  with 
which  we  are  content,  but  which  is  not  supported  by 
enough  evidence.  At  this  point,  of  course,  more 
evidence  must  be  sought  to  support  the  model,  but  it  is 
equally  inqwrtant,  though  more  rarely  done,  to  sedr 
out  any  evidence  that  might  undermine  the  model. 
Paradoxically,  it  is  only  by  seddng  assiduously  to 
disprove  our  ideas  and  by  failing  to  do  so  that  we  can 
ever  have  any  real  confidence  in  them.  Many  of  those 
involved  in  accident  investigation  will  be  familiar  with 
the  truth  of  this  notion,  but  may  find  it  much  more 
difficult  to  put  the  principle  into  practice. 

It  seems  to  me  that  there  may  also  be  a  danger  of 
'confirmation  bias'  and  the  social  effects  outlined 
above  influencing  conferences  such  as  this.  The 
temptation  at  a  meeting  is  to  reinforce  one  another's 
common  beliefs.  This  is  particularly  obvious  at 
political  party  conferences.  Nobody  attends  one  of 
these  in  order  to  learn  anything  or  to  have  his  views  or 
practices  subjected  to  critical  question.  They  are 
meetings  of  the  feithfol,  held  only  in  order  to 
reinforce,  by  the  laws  of  social  mass  action,  the 
strength  of  belief  of  the  individual  participants.  But 
this  should  be  no  way  for  a  scientific  meeting.  I 
suggest  that  the  atmosphere  should  be  questioning,  and 
the  questions  should  be  about  whether  there  are  ways 
of  progressing  in  accident  investigation  that  have  not 
been  prcqrerly  considered,  whether  there  ate  ways  of 
flying  being  introduced  that  have  changed  the  types  of 
errors  that  people  make,  and  wfa^her  thme  are 
alternative  ways  of  considering  the  nature  of  human 
error  that  might  lead  to  differmt  insights  into  the 
problem  and  its  solutions. 
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None  of  this  is  to  suggest  that  we  have  been  wrong  in 
the  ways  that  human  error  has  been  tackled  in  the  past, 
but  flying  is  changing,  most  notably  in  terms  of  the 
way  the  flight  deck  has  become  automated.  It  is 
important  for  the  accident  investigator  to  be  familiar 
with  the  ways  in  which  the  relationship  between  the 
pilot  and  his  aircraft  may  be  influenced  by  this 
technological  change. 

Some  of  the  changes  wrought  by  automation  in  the 
cockpit  (and  the  errors  that  accompany  these  changes) 
may  be  trivial,  and  identical  to  the  changes  and  errors 
occurring  in  other  situations.  When  I  first  used  a  word 
processor,  1  saved  a  file  by  the  name  of  an  already 
existent  file  and,  to  my  real  annoyance,  lost  it 
completely.  When  1  was  recently  in  North  America 
there  was  an  item  on  the  news  that  a  'flunkey' 
(computer  operator)  in  a  leading  stockbrokers  tried  to 
sell  $11,000,000  of  shares  for  a  client  but  keyed  the 
wrong  instruction  and  instead  sold  1 1 ,000,000  shares 
worth  about  $500,000,000.  This  was  sufficient  to 
trigger  the  automated  share  dealing  facilities  of  other 
stockbrokers,  and  for  the  Dow  Jones  Index  to  drop 
notably  before  the  error  had  been  discovered  -  but 
nobody  was  hurt.  In  the  recent  A320  Strasbourg 
accident,  however,  a  pilot  intended  to  enter  a  demand 
for  a  3.7  degree  glide  slope  into  the  aircraft's  flight 
management  system,  but  instead  entered  a  demand  for  a 
3,700  feet  per  minute  fate  of  descent.  The  aircraft 
crashed  with  considerable  loss  of  life. 

All  of  these  errors  are  the  same,  of  course,  only  the 
consequences  differed,  and  it  might  be  argued  that  they 
could  have  happened  just  as  easily  on  non-automated 
equipment.  It  may  be,  though,  that  the  automated  flight 
deck  does  change  the  nature  of  the  pilot's  relationship 
with  his  machine  in  special  ways.  Putting  a  computer 
between  the  pilot's  instruments  and  the  environment 
has  distanced  the  pilot  from  the  real  world,  so  that  the 
cockpit  displays,  instead  of  being  useful  hints  and  tips 
that  enable  the  pilot  to  create  a  mental  model  of  reality, 
have  now  become  that  reality.  The  pilot  no  longer  has 
to  work  at  generating  a  world  model  containing  real 
poor  weather  and  real  mountains,  he  simply  has  to 
follow  the  magenta  line:  the  display  has  become  his 
world.  The  system  may  have  become  so  complex  that 
the  pilot  cannot  hope  to  understand  how  it  works  in  the 
same  way  that  he  could  understand  how  an  old 
fashioned  altimeter  works,  and  so  has  no  alternative 
but  to  believe  what  the  screen  says. 

If  this  is  trtie  it  will  be  imp(»sible  for  the  pilot  to 
question  his  model  of  the  real  world  since  he  no  longer 
has  one.  It  could  be  argued  that  this  effect  underlies 
many  of  the  accidents  that  have  already  happened  in 
automated  aircraft;  crews  believed  that  their  situations 
were  safe  because  they  trusted  -  perhaps  overtrusted  - 
the  aircraft,  the  displays  seemed  normal,  and  they  did 


not  have  a  clear  idea  of  what  constituted  external 
reality. 

Clearly,  it  is  up  to  accident  investigators  not  Just  to 
comment  on  or  to  explain  the  circumstances  of 
individual  accidents,  but  to  put  together  information 
from  as  many  accidents  and  incidents  as  possible  in 
order  to  extract  general  principles,  and  nowhere  is  this 
called  for  more  at  the  moment  than  in  the  area  of 
automation. 

I  must  mention  one  other  problem  area,  however,  and 
that  concerns  how  deeply  to  probe  and  where  to  stop 
investigating.  If  a  display  appears  poorly  designed,  the 
investigator  will  obviously  comment  on  it.  Is  it, 
however,  the  investigator's  job  to  discover  why  the 
person  who  did  the  test  flying  on  the  aircraft  felt  that 
the  display  was  acceptable?  Should  he  discover  what 
evaluation  the  manufacturer  carried  out  on  the  display? 
Is  it  the  concern  of  the  investigator  to  analyze  and  to 
evaluate  the  safety  'culture'  that  exists  in  the 
organization  that  permitted  the  display  to  become 
operational?  In  the  A320  involved  in  the  accident 
described  above,  there  was  no  GPWS  (ground 
proximity  warning  system)  fitted  to  the  aircraft.  Is  it 
the  task  of  the  investigator  simply  to  observe  this,  or  is 
it  his  job  to  identify  why  the  company  and  regulatory 
authority  came  to  permit  the  absence  of  a  device  that 
many  would  regard  as  an  indispensable  item  of  aircraft 
safety  equipment? 

Issues  such  as  these  are  increasingly  becoming  of 
concern  to  accident  investigators  as  the  focus  for 
investigations  spreads  from  the  individual  in  the 
cockpit  to  the  entire  system  that  results  in  a  given  pilot 
flying  a  given  aircraft  on  a  given  day. 

There  are,  however,  real  problems  with  this  extension 
of  the  investigation,  and  I  would  like  to  highlight  three 
of  them  here.  The  first  is  that  the  organization  which 
accq)ts  philosophically  that  one  of  its  individual  pilots 
has  made  an  explainable  error  may  be  less  sanguine 
about  accepting  that  its  own  management,  structure, 
and  attitudes  are  partly  responsible  for  the  accident. 
Furthermore,  the  power  of  organizations  is  such  that  it 
may  require  a  much  more  determined  and  resolute 
investigator  to  be  as  bold  about  identifying  faults  and 
shortcomings  in  an  organization  (e^jecially  if  it  is  the 
organization  that  employs  him)  as  he  may  be  about 
identifying  the  errors  of  the  individual. 

The  second  problem  is  related  to  the  issue  of  'blame'. 
There  has  always  been  a  conflict  between  the 
requirements  of  the  accident  investigator  and  fliose  of 
the  disciplinary  authority.  For  example,  it  is  desirable 
for  the  investigator  to  obtain  a  statemrait  from,  say,  the 
pilot  involved  in  an  accident  as  quickly  as  possible  in 
order  to  obtain  the  best  available  raw  recollections, 
minimally  tainted  by  the  inevitable  post  accidoit 
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rationalization.  No  lawyer,  however,  would  permit  a 
client  to  give  evidence  that  may  be  held  against  him 
without  the  deepest  possible  consideration.  Normally 
the  investigator  has  claimed  to  be  concerned  only  to 
analyze  the  facts  and  to  come  up  with  as  objective  a 
conclusion  as  possible,  and  to  be  unhappy  to  become 
embroiled  in  issues  of  neglig^ice,  culpability,  or 
distribution  of  blame.  If  the  organization  is  to  be 
investigated,  however,  the  question  of  the  allocation  of 
responsibility  may  well  be  more  difficult  to  avoid, 
especially  since  the  legal  and  financial  sequelae  of 
being  identified  as  falling  short  of  ideal  performance 
may  be  very  considerable  for  an  organization  and  its 
management. 

The  third  problem  concerns  the  skills  and  training  of 
accident  investigators.  The  importance  of  physiological 
factors  in  aircraft  accident  causation  and  analysis  has 
long  been  recognized  by  the  occasional  use  of  medical 
officers  on  accident  boards.  This  has  given  way  to  a 
more  formal  involvement  of  such  doctors,  with  the 
disciplines  of  investigatory  medicine  and  pathology  in 
aviation  becoming  increasingly  specialized.  The 
importance  of  behavioural  factors  in  accidents  has  been 
recognized  increasingly  during  at  least  the  last  twenty 
years  by  the  inclusion  of  psychologists  on  accident 
boards,  and  it  is  notable  that  the  Australian  Bureau  of 
Air  Safety  is  now  headed  by  a  psychologist. 

Who,  though,  is  to  investigate  the  organization,  and 
should  this  be  regarded  as  a  human  factors  issue?  The 
psychologists  presently  involved  in  accident 
investigation  are  drawn  from  a  dominantly 
experimental  or  cognitive  background  and  may  well 
not  possess  the  knowledge  of  management  psychology 
needed  to  make  an  informed  analysis  of  the  factors 
within  the  organization  that  may  have  set  the  scene  for 
the  accident.  Perhaps  those  presently  involved  in  the 
psychological  and  medical  investigation  should  be  in 
the  vanguard  of  those  recognizing  that  new  skills  may 
be  required  and  they  should,  perhaps,  set  about 
acquiring  them.  It  may  seem  strange  to  many  that  an 


aircraft  accident  investigator  may  require  a  degree  in 
business  administration,  but  this  may  be  what  is  called 
for. 

Thus  whereas  our  expertise  in  the  investigation  of 
mech.^nical,  medical,  and  psychological  aspects  of 
accidents  has  reached  a  degree  of  maturity,  the  same 
cannot  be  claimed  for  organizational  aspects.  Indeed 
we  know  rather  little  of  the  influence  of  organizational 
factors  on  system  failure  and,  givoi  the  sensitivity  of 
organizations  to  self  evaluation,  this  is  possibly  the 
most  challenging  field  for  the  future. 

To  sum  up,  I  have  argued  that  although  there  is  a 
natural  tendency  for  people  to  cling  to  what  they 
understand  and  to  seek  reassurance  from  the  world  that 
their  established  ways  are  right,  accident  investigators 
of  all  people  must  recognize  the  importance  and 
necessity  of  change  and  of  questioning  convoitional 
wisdoms.  This  applies  not  only  to  the  way  in  which 
they  might  address  the  investigation  of  an  individual 
accident,  but  to  the  ways  in  which  they  view  the  whole 
topic  area.  They  must  be  ready  to  understand  the 
changing  nature  of  the  pilot's  task,  and  ready  to  change 
their  own  methods  and  ideas  in  order  to  keep  pace. 

I  have  resisted,  so  far  at  least,  any  use  of  statistics  to 
emphasise  the  importance  of  the  human  factor  in 
aircraft  accidents.  I  would  like  to  close,  however,  by 
observing  that  although  medicine  and  psychology  have 
been  associated  with  accident  investigation  for  a 
considerable  period,  and  although  many  important, 
though  arguably  small,  changes  have  taken  place  in 
training,  euipment,  and  procedures  as  a  result  of  this 
involvement,  we  have  still  not  made  the  major  impact 
required  to  reduce  dramatically  the  accident  rate 
attributable  to  the  human  factor.  This  must  be  the  goal, 
and  we  should  not  shrink  from  taking  the  bold 
initiatives,  both  in  terms  of  our  own  thinking  and  in 
terms  of  pressing  for  adequate  staff  and  resources,  that 
will  be  required  to  achieve  it. 
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SUMMARY 

Historically,  flight  safety  began  as  a 
technical  consideration.  Once  the  air¬ 
craft  was  ready  to  be  used  as  a  tool,  the 
flight  safety  work  expanded  to  become  an 
operational  issue. 

Today,  the  reality  is  that  two-thirds  of 
accidents  and  incidents  are  related  to 
Huinan  Factors.  The  concept  of  Human  Fac¬ 
tors  is  hard  to  define,  identify  or 
verify  and  the  definitions  of  the  concept 
are  as  many  as  its  advocates. 

The  Human  Factor  investigator  belongs  as 
naturally  to  the  Investigation  Board  as 
does  the  tech.nical  investigator.  In  the 
past,  all  findings  not  attributable  to 
causes  in  accidents  were  called  pilot 
error.  This  may  be  true  if  you  only  look 
at  the  situational  causes,  but  the 
responsibility  for  the  underlying  causes 
may  lie  elsewhere.  The  question  of  Human 
Factor  concerns  not  only  the  pilot  him¬ 
self;  he  must  be  seen  in  the  context  of 
a  human  being  and  not  only  as  an  operator 
in  the  cockpit.  The  environmental  factors 
are  no  longer  a  question  of  the  rela¬ 
tionship  between  man  and  machine.  Today 
the  influence  of  the  company/organisation 
is  a  part  of  the  concept  of  the  Human 
Factor.  The  company  ha'  to  give  the  pilot 
the  best  conditions  in  which  to  succeed 
in  his  mission  -  then  the  pilot  assumes 
the  responsibility. 

In  order  to  be  aware  of  the  complexity 
of  the  Human  F.actor  in  defining  the  root 
cause  of  an  accident,  to  sub-categorise 
the  concept,  to  be  able  to  analyse  and 
to  see  the  trends  over  a  period  of  time, 
trained  experts  are  required. 

In  a  small  team  like  an  Accident  Investi¬ 
gation  Board,  it  is  necessary  to  learn 
how  to  communicate  and  very  soon  it  can 
be  seen  what  strength  is  gained  from  the 
different  ways  of  approaching  problems, 
due  to  the  differences  in  the  experts' 
professional  backgrounds.  Flight  safety 
work  should  reflect  this  way  of  working. 

We  all  need  each  other's  competence  on 
the  Accident  Investigation  Board.  Our 
total  findings,  including  the  Human  Factor 
findings,  must  influence  the  total  report, 
which  will  form  the  basis  of  future  flight 
safety  work. 


INTRODUCTION 

Over  the  years ,  man  has  appeared  more  and 
more  to  be  a  limiting  factor  in  flight 
operations . 

The  concept  of  flight  safety  was  actually 
created  at  the  same  moment  as  the  idea  of 
flying  was  conceived  It  was  basically  a 
survival  concept,  which  in  a  historical 
perspective  was  originally  a  technical 
question.  Over  the  years,  the  concept  of 
flight  safety  took  on  an  operational 
dimension . 

Achieving  tactical  solutions  with  as  little 
inherent  risk  as  possible,  but  without 
reducing  effectivity,  became  the  decisive 
factors  in  flight  safety  work. 

Through  experience,  mistakes  made  in  the 
air,  incidents  and  accidents,  rules  and 
regulations  for  their  prevention  were  and 
are  established.  Operational  flight  safety 
measures  were  taken . 

Accidents  arj  incidents  have  decreased 
drastically.  It  is  mainly  the  technically 
related  accidents  which  have  been  overcome. 
In  order  to  go  further  in  flight  safety 
work  there  is  a  pronounced  awareness  of 
the  necessity  of  focusing  on  man  in  the 
flight  system.  Two-thirds  of  accidents 
and  incidents  are  directly  related  to 
the  Human  Fac'or. 

THE  CONCEPT  OF  THE  HUMAN  FACTOR 

The  concept  of  the  Human  Factor  has  as 
many  definitions  as  it  does  advocates. 

Oriolnating  from  a  world  of  scientific 
notes,  research  into  the  integration  of 
man  and  machine  (ergonomics)  was  initially 
synonymous  with  the  concept  of  the  Human 
Factor.  In  the  USA  this  definition  is  that 
which  is  still  most  widespread. 

Over  the  years ,  the  concept  of  the  Human 
Factor  has ,  however ,  achieved  a  broader 
scope.  The  human  in  this  respect  is  not 
synonymous  with  the  individual  pilot,  but 
also  includes  the  conditions  he  has  been 
provided  with  in  order  to  succeed  in  his 
task  seen  from  the  outside  -  from  the 
design  of  the  aircraft  he  is  to  operate  in, 
to  central  management's  responsibility  for 
having  chosen  that  particular  person  to 


solve  this  task  (selection) ,  and  the  way 
ill  which  he  is  trained  for  this  purpose 
(training)  to  whether  the  staff  who  are 
in  charge  of  operations  are  competent  to 
do  their  job  (management) . 

Apart  from  central  management,  the  local 
management  also  has  responsibility 
(leadership)  for  operations  being  run 
under  the  optimum  flight  safety  condi¬ 
tions,  just  as  the  individual,  the  pilot, 
the  engineer,  etc,  bears  his  responsibi¬ 
lity  to  achieve  the  requirements  and 
standards  expected  of  him  (individual 
responsibility) . 

It  appears  that  the  concept  of  the  Human 
Factor  is  a  broad  and  less  easily 
measured  concept  which  faces  certain 
difficulties  in  finding  acceptance  in  an 
operation  harbouring  a  scientific  idea 
of  the  world.  This  can  be  described  as 
collision  between  two  world  concepts.  The 
fact  is  that  we  need  both  of  them.  The 
accident  and  incident  statistics  as  much 
as  anything  else  express  clearly  the  need 
for  a  systematic  and  structural  approach 
to  getting  at  the  underlying  causes  hid¬ 
den  in  the  Human  Factor  concept. 

NVESTIdATION  HISTORY 

The  first  systematic  accident  investiga¬ 
tion  carried  out  took  place  as  early  as 
1909.  It  was  the  then  sensational  accident 
as  a  result  of  Orville  Wright's  attempts 
to  demonstrate  the  performance  of  his 
aircraft.  The  aeroplane  crashed  and  the 
passenger  Tom  Selfridge  was  fatally  in¬ 
jured  (Jensen,  1989). 

Accident  investigations  have,  and  have 
had  over  the  years,  a  technical  profile 
on  the  analogy  of  the  developments  within 
aviation.  The  accident  investigator  was 
drawn  by  tradition  from  the  operational 
and  technical  ranks.  Accident  causes  which 
could  not  be  attributed  to  technical 
reasons  were  usually  labelled  pilot  error. 

A  description  of  what  had  happened  was 
given,  but  seldom  a  description  of  why  it 
happened . 

At  the  twentieth  lATA  (International  Air 
Transportation  Association)  conference  in 
1975,  the  view  was  expressed  that  "there 
is  an  urgent  need  for  the  inclusion  of 
Human  Factor  experts  in  all  accidenc  inves¬ 
tigation  teams"  (Hawkins,  1987) .  IFALPA 
(International  Federation  of  Airline 
Pilots  Association)  considered  in  1977 
"that  Human  Factor  aspects  of  accident/ 
incident  investigation  should  be  more 
deeply  pursued"  (Hawkins,  1987). 

The  shortage  of  Human  Factor  experts  has 
shown  itself  to  be  acute.  The  growth  of 
the  experts  within  the  Human  Factor  field 
has  been  limited  for  obvious  reasons,  as 
the  aviation  industry,  as  wel_  as  the 
flying  establishment  in  general,  has 
previously  been  unwilling  to  bring  in  and 
apply  knowledge  of  this  kind. 


At  the  end  of  the  1970 's  and  the  beginning 
of  the  1980 's,  however,  aviation  psycholo¬ 
gists  were  increasingly  attached  to  acci¬ 
dent  investigation  boards  in  the  USA, 
Australia,  Canada,  UK,  etc.  In  Sweden 
there  has  been  a  Human  Factor  expert 
on  tlie  Board  of  Accident  Investigation 
for  investigating  primarily  accidents 
in  the  defence  sector  since  1982. 

THE  CRITERIA  FOR  HUMAN  FACTOR  ACCIDENT 
INVESTIGATION 

In  order  to  map  out  and  illuminate  the 
purely  technical  function,  it  is  possible 
to  use  sophisticated  technology  to  produce 
data  on  how  the  pilot  has  used  the  aircraft 
operationally  when  an  accident  occurs. 

It  is  much  more  difficult  and  most  of  all 
far  more  sensitive  to  try  to  analyse  human 
and  organisational  responsibility  in  this 
context . 

A  Human  Factor  investigator  is  in  many 
ways  his  own  instrument,  which  is  why 
maturity,  self-discipline  and  the  ability 
to  reach  people  and  be  accepted  are  of 
prime  importance. 

The  task  of  "undressing"  a  person  or  an 
organisation  can  be  a  delicate  balance 
between  showing  consideration  and  respect 
for  the  individual  and  endeavouring  to 
find  the  truth.  This  requires  that  the 
investigator  has  the  motives  and  goal 
clear  in  his  mind,  but  makes  his  way 
forward  with  humility.  This  should  be 
founded  on  a  confidence  which  is  based 
in  the  world  of  aviation. 

Besides  a  solid  academic  professional 
background,  cne  needs  a  good  knowledge 
of  pilot  requirements,  knowledge  of  the 
educational  and  operational  requirements 
as  well  as  of  the  organisational  structure. 

THE  ACCIDENT  INVESTIATION  BOARD  IN  SWEDEN 

The  structure  of  the  accident  investigation 
board  differs  considerably  from  country  to 
country  and  from  civilian  to  military 
operations.  The  aims  and  goals  are,  however 
the  same,  ’.hich  means  -  to  make  flying  as 
safe  as  possible. 

The  investigation  board  in  Sweden  is  an 
independent  authority,  which  covers  all 
major  accidents  and  incidents  in  aviation, 
military  as  well  as  civilian. 

The  Board  employs  guite  a  number  of  people 
and  its  philosophy  lies  in  attaching  to 
itself,  at  each  individual  accident,  well- 
trained  investigators  each  working  within 
their  specialist  areas  and  well-established 
in  flight  operations. 

The  president  of  the  board  is  always  a 
legal  expert,  however  he  does  not  sit  as 
a  judge,  but  balances  the  respective 
experts'  investigation  results  against  one 
another  to  make  a  final  report. 
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The  accident  investigation  board  is 
constituted  at  its  first  meeting 
immediately  in  connection  with  the 
occurrence  of  the  accident.  The  board's 
investigators  represent  the  operational, 
technical,  medical  and  Human  Factor  areas. 
All  hold  an  independent  position  in  the 
investigation  board  but  work  closely 
together.  Experts  from  other  fields  are 
brought  in  when  necessary. 

THE  ACCIDENT  INVESTIGATION  PROCESS 

All  members  of  the  investigation  board 
are  present  during  the  initial  questioning 
of  the  parties  involved  in  the  accident. 
This  means  that  they  all  receive  the  same 
information  to  work  form. 

The  next  step  is  for  the  respective 
investigators  to  independently  take  up 
their  own  specialist  area.  By  analysing 
available  documentation  and  interviews 
the  Human  Factor  investigator  has  to 
map  out,  interpret  and  assess  areas  which 
affect: 


Operational  threshold 
Operational  experience 
Life  situation 
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During  the  course  of  the  investigation  a 
number  of  meetings  of  all  the  investi¬ 
gators  take  place,  to  compare  notes, 
exchange  information  and  discuss  the 
future  direction  of  the  investigation. 

In  the  final  stage  of  the  investigation 
the  respective  investigators  responsible 
present  their  fact  finding  and  their 
analysis  so  that  they  can,  after  discus¬ 
sions  and  joint  analysis,  reach  the  most 
credible  course  of  events  and  underlying 
causal  factors. 

The  handling  of  the  Human  Factor  investi¬ 
gator's  documentation  may  still  vary  in 
Sweden,  depending  on  the  wishes  of  the 


president  of  the  board.  That  the  written 
documentation  should  be  considered  for 
"official  use  only"  and  not  available  to 
the  public  should  be  a  matter  of  course. 

If  not,  then  the  written  documentation 
should  be  thinned  out  and  smoothed  over  so 
as  not  to  damage  the  individual. 

The  Human  Factor  investigator's  report, 
as  those  of  the  other  investigators, 
should  be  seen  as  pieces  of  a  puzzle, 
where  all  of  the  pieces  are  required  to 
make  up  the  whole. 

All  of  the  responsible  investigators, 
including  the  Human  Factor  investigator, 
should  be  involved  right  from  the  start 
of  the  investigation  and  should  as  inde¬ 
pendent  investigators,  affect  the 
investigation's  final  report.  An  accident 
investigation  board  thereby  becomes  a 
dyncunic  working  team,  dependent  on  the 
differences  in  professional  backgrounds 
in  the  group,  which  gives  it  strength. 
Within  the  board  everyone  has  to  learn  to 
communicate  and  the  various  areas  of 
competence  are  necessary  to  get  closer  to 
the  solution. 

The  final  report,  which  is  written  by  the 
president  of  the  board,  is  examined  by  the 
responsible  investigators  at  the  accident 
investigation  boards ' s  final  meeting.  The 
final  report  is  signed  by  the  president 
of  the  board  and  is  then  an  open  document. 

CONCLUSION 

An  accident  can  be  seen  as  the  most  extreme 
form  of  failure  in  flight  safety  work.  It 
is  the  most  dearly-bought  experience  for 
flight  safety  work.  In  order  to  be  able 
to  take  safety  measures,  thoroughly  worked 
out  investigation  reports  are  needed,  where 
the  Human  Factor  investigator  makes  it 
possible  to  go  a  step  further,  to  analyse 
the  underlying  factors.  As  man  is  evidently 
the  weakest  link  in  the  system,  the  human 
mental  conditions  and  the  human  management 
of  the  critical  situation  should  be  brought 
to  light  and  analysed  in  order  to  add  them 
to  the  experience  bank. 

The  Human  Factor  investigator  should, 
therefore,  be  as  natural  a  member  of  the 
accident  investigation  board  as  the 
technical  investigator,  on  all  such  boards 
throughout  the  world. 
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For  most  of  us  the  term  ’human  factor" 
denotes  the  relationship  between  the 
aviator,  the  aircraft  and  the  environ¬ 
ment.  This  covets  a  very  large  and 
complex  interrelated  panorama  of  factors, 
to  include  as  an  example,  personal 
stress,  training,  physiology,  aircraft 
flight  characteristics,  judgement  and 
decision  making,  experience,  nutrition, 
fatigue,  motivation.  There  are  many  other 
factors  we  will  discuss  further  along. 

A  major  concern  in  assessing  the  signi¬ 
ficance  of  any  particular  human  factor, 
or  combination  of  factors,  is  the  method 
employed  in  the  collection  of  the  raw 
data  and  subsequent  analysis.  I  will 
first  describe  the  method  of  investiga¬ 
tion  and  analysis  employed  by  the  OS  Air 
Force,  then  discuss  the  problems  inherent 
in  this  approach,  and  finally  I  will 
propose  a  joint,  NATO  human  factors  air¬ 
craft  accident  investigation  methodology 
and  program. 

The  US  Air  Force  approach  to  aircraft 
accident  investigation  has  changed  little 
over  the  last  several  years.  Immediately 
following  an  aircraft  accident  an 
interim  or  temporary  safety  investigation 
board  is  appointed,  and  usually  functions 
for  the  next  three  days.  The  accident 
investigation  experience  of  the  members 
of  this  interim  board  varies  widely  but 
at  least  one  member  of  the  team  has  com¬ 
pleted  a  formal  academic  and  laboratory 
course  of  aircraft  accident  investigation 
which  they  may  or  may  not  have  applied  to 
a  previous  accident.  This  interim  group 
of  investigators  searches  for,  collects 
and  preserves  aircraft  and  aviator 
remains,  examines  and  interviews  aircrew 
and  witnesses,  and  assembles  relevant 
data  for  presentation  to  the  permanent 
accident  investigation  board,  properly 
called  the  "safety  Investigation  board." 

A  separate  "accident  investigation  board" 
or  "collateral"  board  is  convened  to 
assess  fault.  The  mission  of  the  "safety 
investigation  board"  is  to  determine  how 
future  aircraft  accidents  can  be  pre¬ 
vented  based  on  their  analysis  of  the 
accident  under  investigation.  The 
"collateral"  board  usually  begins  its 
investigation  after  the  safety  investi¬ 
gation  board  has  completed  its  business 
and  maintains  an  "arms-length"  relat¬ 
ionship  with  the  "safety  Investigation 
board."  The  two  processes  are  carefully 
separated  and  aircrew  interviewed  by  the 
"safety  investigation  board"  clearly 
understand  the  board's  mission  of  pre¬ 
vention.  The  accident  investigation 
continues  over  the  course  of  approxi¬ 
mately  twenty  days,  followed  by  a 


detailed  analysis  of  the  accident,  the 
construction  of  a  formal  report,  and  the 
presentation  of  this  report  to  senior 
commanders  (general  officers)  and  the  Air 
Force  Safety  Agency.  The  Director  of  Air 
Force  Safety  (a  general  officer  assigned 
to  the  Headquarters  staff  of  the  Air 
Force  Chief  of  Staff)  reviews  the  safety 
investigation  board's  report  and  anal¬ 
ysis,  the  analysis  of  the  Air  Force 
Safety  Agency,  and  then  concurs,  adds  or 
modifies  recommendations  for  the 
correction  of  those  problems  leading  to 
or  causing  the  accident. 

The  human  factors  aspect  of  the  accident 
investigation  is  the  responsibility  of 
the  flight  surgeon  assigned  to  the 
permanent  safety  investigation  board.  He 
is  usually  assigned  from  a  unit  other 
than  his  own  (to  prevent  conflict  of 
interest  or  confusion  of  loyalty) ,  and 
his  unit  usually  flies  the  type  of 
aircraft  involved  in  the  accident  under 
investigation.  O.S.  flight  surgeons  are 
required  to  fly  at  least  four  hours  every 
month  in  aircraft  flown  by  the  aircrews 
they  provide  medical  care.  Bence,  the 
investigating  flight  surgeon  is  familiar 
with  the  mission,  environment,  and 
peculiar  characteristics  of  the  aircraft. 
He  has  deployed  with  his  unit  during 
exercises,  experienced  G  forces  in 
simulated  combat,  observed  the  effects  of 
fatigue,  dehydration  and  family  separa¬ 
tion,  personally  suffered  motion  sickness 
and  spatial  disorientation.  He  has  been 
exposed  to  a  variety  of  human  factors 
that  contribute  to  accidents  during  the 
course  of  his  routine  work.  During  the 
flight  surgeon  training  course,  he  has 
received  twenty  hours  of  academic 
instruction  in  the  investigation, 
analysis  and  prevention  of  aircraft 
accidents.  The  interval  between  the 
completion  of  this  training  program  and 
serving  as  the  medical  member  of  a  safety 
investigation  board  varies  from  three 
months  to  several  years.  Very  few  of  our 
human  factor  investigators  have  investi¬ 
gated  more  than  one  accident  during  their 
Air  Force  career. 

The  permanent  safety  investigation  board 
flight  surgeon  will  usually  go  to  the 
accident  site  and  obtain  a  direct  visual 
impression  of  the  results  of  the  crash 
and  become  familiar  with  the  terrain.  He 
will  often  do  this  at  altitude  in  a 
helicopter  as  well  as  on  the  ground.  At 
remote  accident  sites  the  board  may 
bivouac  in  tents  or  stay  in  nearby  motels 
if  available,  eventually  convening  to  a 
nearby  Air  Force  base  or  the  base  from 
which  the  accident  aircraft  originated. 


Let  us  cetnembec  that  the  human  factor 
investigator  is  the  flight  surgeon.  This 
individual  consults  with  his  fellow  board 
members,  most  of  whom  are  rated  aircrew, 
and  with  any  authority  he  chooses. 
Typically,  the  board  flight  surgeon  will 
call  the  safety  agency  to  discuss  his 
observations  and  speculations;  experi¬ 
enced  personnel  will  provide  him  with 
technical  information,  referral  to  other 
authorities  and  guidance  in  the  further 
conduct  of  the  investigation.  The  human 
factors  investigator  will  also  call  the 
School  of  Aerospace  Medicine  at  Brooks 
AFB  in  San  Antonio  and  talk  with  indi¬ 
viduals  conducting  research  into  accel¬ 
eration  effects,  spatial  disorientation, 
work/rest  cycles  and  fatigue,  heat 
stress,  psychological  stress  (career, 
personal,  familial),  and  vision,  and  he 
may  call  the  Armstrong  Laboratory  at 
Wright  Patterson  AFB  in  Ohio  to  discuss 
other  issues.  Following  his  various 
consultations  and  approximately  twenty 
days  of  investigation,  the  human  factors 
investigator,  the  flight  surgeon, 
completes  a  human  factors  protocol.  I 
have  presented  an  outline  of  this  inves¬ 
tigator's  background  and  his  method  of 
inquiry  to  emphasize  the  fact  that  the 
validity  of  human  factors  data  obtained 
depends  on  the  experience  and  knowledge 
of  the  investigator.  The  validity  of  any 
conclusions  we  draw  from  these  investi¬ 
gations  depends  on  the  quality  of  that 
data . 

The  protocol  used  by  the  human  factors 
investigator  is  the  revised  Air  Force 
Form  711gA  which  you  will  find  in  your 
documents  package.  This  form  has  been  in 
use  since  September  of  1989  and  is 
currently  undergoing  a  second  revision 
and  a  conversion  to  diskette  format.  This 
protocol  then  will  be  totally  in  computer 
format,  and  the  investigator  will  work 
with  either  a  laptop  or  desktop  computer 
in  completing  the  form. 

In  past  years  the  protocol  largely 
resulted  in  a  great  deal  of  data  explain¬ 
ing  what  had  occurred  during  the  course 
of  the  aircraft  accident  but  very  little 
related  to  why  the  accident  had  occurred. 
The  1989  revision  included  data  entries 
not  previously  captured,  expands  human 
factor  categories,  and  for  the  first  time 
provides  a  correlation  matrix  to  be 
included  by  the  investigator  (see  pg.  6 
of  the  711gA).  We  have  known  for  many 
years  that  pilots  "channelize"  their 
attention  during  both  actual  and  simu¬ 
lated  combat  and  that  a  consequence  of 
this  narrow  focus  of  attention  is  the 
exclusion  of  other  information  from  the 
aircraft  and  the  environment.  This  in 
turn  leads  to  a  loss  of  situational 
awareness  and  has  resulted  in  many 
aircraft  accidents.  Student  pilots  learn 
of  the  hazards  of  channelized  attention 
in  the  classroom  and  experience  its 
effects  during  flight  training.  Moat 
pilots  have  had  fellow  aviators  who  have 
suffered  a  crash,  many  of  them  fatal,  and 
once  again  have  learned  of  the  dangers  of 
"channelized  attention".  Throughout  an 
aviator's  career,  he  la  periodically 
reminded  of  the  various  hazards  inherent 
to  the  flying  environment,  including 


"channelized  attention"  and  others  such 
as  spatial  disorientation.  We  assume 
that  this  condition  occurs  as  a  result  of 
the  pilot's  primary  motivation  to  kill 
his  opponent  or  drop  his  bomb  on  target 
and  that  he  has  suffered  a  major  defect 
of  judgement  in  not  realizing  the 
importance  of  his  survival.  But  we  do 
not  really  understand  why  an  aviator  can 
fly  hundreds  or  thousands  of  hours  safely 
and  then  on  one  fatal  occasion,  repeating 
a  maneuver  he  has  often  accomplished 
successfully  and  safely,  falls  to 
maintain  the  situational  awareness 
necessary  for  survival.  We  may  say  he 
was  distracted  by  radio  calls,  or  he  did 
not  sleep  well  the  previous  night  or  that 
he  had  a  fight  with  his  wife  and  his  con¬ 
centration  in  the  cockpit  was  degraded. 
This  pilot  and  many  others  have  been 
exposed  to  these  and  other  human  factors 
and  have  not  suffered  an  accident.  Why 
this  time?  We  often  speculate  but  how 
often  do  we  really  know?  The  myriad  of 
human  factors  included  in  the  711gA  pro¬ 
tocol,  and  most  importantly,  the  corre¬ 
lation  matrix,  is  an  attempt  to  capture 
data  that  witli  appropriate  analysis  may 
give  us  a  more  complete  understanding  of 
the  fatal  mix  of  human  factors,  or  a 
signature  profile,  that  we  can  provide  to 
commanders,  supervisors,  instructors  and 
safety  professionals. 

parallel  with  the  use  of  the  711gA  pro¬ 
tocol  by  human  factors  investigators,  the 
United  States  Ait  Force  is  developing  a 
highly  complex  data  encoding  and  analysis 
program,  the  "Aircraft  Mishap  Prevention" 
(AMP)  program.  AMP  will  provide  statis¬ 
tical  analysis  capability  for  correlation 
and  regression  analyses  and  the  develop¬ 
ment  of  an  aircraft  accident  human 
factors  signature  profile.  AMP  consists 
of  two  IBM  RISC  6000S,  several  386  work¬ 
stations  for  analyst  personnel,  and  the 
necessary  software  to  tun  the  program. 
This  program  will  become  operational  in 
1995. 

The  human  factors  data  from  USAF  "opera¬ 
tions"  aircraft  accidents  has  been 
processed  through  a  preliminary  program 
we  call  "Mini-AMP".  Let  us  look  at  what 
we  have  learned  so  fat.  Table  I  is 
a  statistical  summary  of  57  operations 
(i.e.  human  factors)  accidents.  Table  II 
provides  a  similar  analysis  of  38  logis¬ 
tical  (system  or  mechanical  failure) 
accidents.  Note  that  although  there  are 
371  possible  human  factors  to  be  selected 
by  the  investigator  that  only  17  are 
selected  with  any  frequency  and  that 
there  is  further  reduction  in  the 
operations  group  to  6  with  very  frequent 
selection.  It  is  probably  no  surprise  to 
this  audience  that  the  major  factors 
selected  by  our  investigators  are  from 
the  judgement  and  decision  making  group 
and  the  situational  awareness  group.  It 
is  quickly  apparent  that  these  frequently 
selected  human  factors  are  in  the  "what" 
category  and  not  the  "why".  The  "con¬ 
tributors"  noted  on  Table  I  begin  to 
provide  some  of  the  "why".  As  an 
example,  note  the  third  line  of  Table  I, 
delay  in  taking  necessary  action  and  the 
second  contributor,  misperception  of 
distance.  One  of  the  accidents  this 
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data  related  to  was  a  fighter  aircraft 
flying  a  defensive  ACM  exercise  against 
another  fighter.  The  accident  occurred 
at  1600  H.  Immediately  prior  to  the 
engagement,  the  pilot  of  the  chase 
aircraft  had  lifted  his  visor,  high 
contrast  yellow,  but  continued  to  wear 
his  green  sun  glasses.  He  unknowingly 
experienced  a  "blue  wash-out"  effect, 
lost  some  depth  perception,  and  was  800 
meters  closer  to  his  adversary  than  he 
perceived.  Although  not  the  primary  cause 
of  this  accident,  this  physiological 
event  was  a  contributor  and  part  of  the 
complex  chain  leading  to  the  accident. 

You  will  also  note  the  difference  in  the 
major  human  factor  contributors  between 
the  operations  (ops)  group  and  the 
logistical  (log)  group.  "Contributors" 
in  the  log  group  were  either  not  repotted 
or  repotted  with  little  frequency. 

This  preliminary  effort  has  provided  us 
with  the  opportunity  to  recognize  certain 
problems  in  human  factor  data  gathering 
and  analysis. 

Out  first  concern  is  the  quality  of  data 
reporting.  The  Untied  States  Air  Force 
does  not  have  a  dedicated  human  factors 
aircraft  accident  investigator  cadre. 
Although  our  human  factor  consultants  at 
the  Air  Force  Safety  Agency  (formerly 
called  the  Ait  Force  Inspection  and 
Safety  Center)  have  been  in  the  safety 
business  for  several  years  and  have  all 
been  involved  in  working  with  numerous 
aircraft  accidents,  the  front  line 
investigator  usually  does  one  in  an 
entire  career.  These  human  factor 
investigators,  all  Ait  Force  flight 
surgeons,  have  experienced  similar 
medical  training  and  have  all  graduated 
from  the  OSAF  School  of  Aerospace 
Medicine  Primary  Course  in  Flight 
Medicine.  However,  they  may  serve  on  a 
safety  investigation  board  after  only  two 
months  or  as  much  as  three  years  service 
as  a  flight  surgeon.  Recognizing  this 
problem,  the  Ait  Force  plans  to  Initiate 
a  course  in  aircraft  accident  investi¬ 
gation  for  human  factor  investigators  (to 
include  flight  surgeons,  physiologists, 
and  aviation  psychologists),  two  weeks  in 
duration  at  the  USAF  School  of  aerospace 
medicine  at  Brooks  AFB.  Graduates  of 
this  course  will  constitute  a  cadre  of 
specially  trained  professionals  who  will 
be  consistently  required  to  serve  as 
safety  investigation  board  human  factor 
investigators.  This  course  is  planned  to 
begin  in  the  Fall  of  1993. 

Another  concern  is  the  specific  nature  or 
type  of  data  required  that  will  event¬ 
ually  answer  the  question  of  why  human 
factor  accidents  occur  and  provide  useful 
information  for  the  prevention  of  future 
accidents.  Although  the  711gA  protocol 
is  very  detailed,  it  is  the  first  attempt 
in  concert  with  the  AMP  program  and  will 
certainly  require  further  revision  and 
elaboration.  The  quantity  of  data 
required  to  distinguish  between  aviators 
who  have  aircraft  accidents  and  those  who 
do  not  is  another  concern.  Our  statis¬ 
ticians  say  that  at  least  five  years  of 
aircraft  accident  data,  with  a  comparison 


cohort  group,  will  need  to  be  analyzed. 

It  is  likely  that  the  human  factor  causes 
of  aircraft  accidents  do  not  vary  greatly 
from  country  to  country  and  that  we  share 
many  of  the  same  problems  of  human  error. 
I  would  propose  to  this  group  that  we 
construct  a  universal  human  factors 
protocol,  and  that  our  investigators  be 
trained  in  the  same  program.  Initially, 

I  suggest  the  711gA  protocol  be  reviewed 
and  modified  by  NATO  safety  organizations 
for  joint  use  and  that  our  human  factors 
investigators  be  jointly  trained  at  the 
USAF  School  of  Aerospace  Medicine. 

In  summary,  we  lose  many  aircraft  and 
aviators  due  to  human  factor  causes  we 
incompletely  understand.  We  are  no 
longer  satisfied  with  the  simplistic 
concept  of  pilot  error  and  have  come  to 
realize  that  human  factor  caused 
accidents  are  very  complex  events  that 
require  very  careful  investigation  and 
analysis.  I  have  proposed  a  method  of 
investigation  and  analysis  that  we  share 
as  a  joint  endeavor. 
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TABLE  I 


OPS  MISHAPS 

106  CLASS  A/A+  MISHAPS  (57  OPS,  38  LOG,  7  OTHER,  4  UNKNOWN) 

(719  3s  &  4S;  156  4s  RANKED  1/2;  124  4s  RANKED  1/2  FOR  PILOTS  (69)  ONLY 

HUMAN  FACTOR  INCIDENCE  TIMES  RATED  R/TED  #l/#2  CONTRIBUTORS 

of  3S  &  4s  #1  OR  #2  (PILOTS) 


CHANNELIZED  ATTENTION 

1 

(34) 

2 

(11) 

2  (8) 

COGNIT  TSK  OVERSAT  (2) 

LIMITED  TOT  EXPER  (2) 

SEL  WRNG  CRSE  OF  ACTION 

2 

(29) 

3 

(10) 

1  (10) 

RISK  ASSESSMENT  (3) 

COG  TSK  SAT  (2)  CONFUSN  (2) 

DELAY  IN  TKNG  NESS  ACTION  3 

(23) 

7 

(6) 

6  (5) 

RISK  ASSESSMENT  (2) 

MSPRCPTN  OF  DISTNCE  (2) 

RISK  ASSESSMENT 

4 

(21) 

8 

(S) 

8  (4) 

SEL  WNG  CRSE  ACT  (3) 

DISTRACTION  (3) 

FAIL  TO  USE  ACPT  PROCEDS 

4 

(21) 

6 

(7) 

4  (7) 

NO  TREND 

SDO,  TYPE  I 

6 

(20) 

1 

(13) 

2  (8) 

VESTIBULAR  ILLUSN  (4) 

CHANNELIZED  ATTN  (3) 

MISPERCEPTION  OF  POSITION 

'  7 

(19) 

10 

(4) 

13  (2) 

DISTRACTION 

8 

(18) 

12 

(3) 

10  (3) 

VIOLATION  FLT  DISCIPLN 

9 

(IS) 

4 

(9) 

4  (7) 

RISK  ASSESSMENT  (3) 

FAIL  TO  USE  PROC/SEL  WNG  CRS 

INADEQUATE  OPS  BRIEFING 

10 

(12) 

4 

(9) 

10  (3) 

VESTIBULAR  ILLUSION 

11 

(10) 

0 

0 

INADEQT  WRTTN  OPS  PROCDS 

11 

(10) 

(1) 

(1) 

COGNITIVE  TASK  OVERSAT 

11 

(10) 

(2) 

(2) 

SITUATNL  AWARENESS-OTHER 

11 

(10) 

(1) 

(1) 

INADEQUATE  SUPERVISION 

11 

(10) 

12 

(3) 

13  (2) 

COMPLACENCY 

16 

(9) 

(2) 

(2) 

JUDGMENT/ DECSNS,  OTHER 

20 

(8) 

8 

(5) 

6  (5) 

CHANNELIZED  ATTN  (2) 

TABLE  11 

LOG/MISC/UNK  MISHAPS 


106  CLASS  A/A+  MISHAPS  (57  OPS,  38  LOG,  7  OTHER,  4  UNKNOWN) 

(393  3s  &  4S;  69  4s  RANKED  1/2;  31  4s  RANKED  1/2  FOR  PILOTS  (31)  ONLY 


HUMAN  FACTOR  INCIDENCE 

TIMES  RATED 

RATED 

#l/#2 

CONTRIBUTORS 

of  3s  &  4s 

#1  OR  #2 

(PILOTS) 

CREW  COORDINATION 

1 

(11) 

7  (3) 

(1) 

FAIL  TO  USE  ACPT  PROCEDS 

1 

(11) 

3  (4) 

2 

(3) 

INADQ  WRITTEN  OPS  PROCEDS 

3 

(9) 

2  (5) 

1 

(4) 

LOG/MNX  PROCEDURES 

4 

(8) 

1  (7) 

4 

(2) 

ACCELERTN/DECELRATN  FRCES 

4 

(8) 

(2) 

(1) 

INADEQTE  LOG/MNX  INSPECTN 

6 

(7) 

(2) 

(0) 

INADEQUATE  MNX  TECH  DATA 

6 

(7) 

3  (4) 

2 

(3) 

OTHER  AIRFLD  CAPABILITIES 

6 

(7) 

(2) 

(1) 

CHANNELIZED  ATTENTION 

8 

(6) 

(0) 

(0) 

OVERCONFIDENCE 

8 

(6) 

(1) 

(0) 

LOG/MNX  SUPERVISION 

8 

(6) 

7  (3) 

(0) 

TIME  INTO  CREW  DUTY  DAY 

8 

(6) 

(0) 

(0) 

UNIT  MISSION  DEMANDS 

8 

(6) 

(0) 

(0) 

INTRACOCKPIT  COMM 

8 

(6) 

3  (4) 

4 

(2) 

SEAT  DESIGN 

8 

(6) 

(2) 

(0) 

DELAY  IN  TAK  NESS  ACTN 

15 

(5) 

7  (3) 

(0) 

TECHNC/ PROCEDURE  KNOWLDG 

15 

(5) 

(0) 

(0) 

Appendix  1  -  Human  Factors  Protocol 


PUNISHABLE  UNDER  ARTICLE  9i.  UNIFORM  COOE'oF  MILITARY  JUSTICE.  SEE  APR  1?7-4.  PARA  1-B  » 1-9  FOB  RESTRICTONS. 
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LIFE  SCIENCES  REPORT  OF  AN  INDIVIDUAL  INVOLVED  IN  AN  AIR 
FORCE  FLIGHT/FLIGHT  RELATED  MISHAP 


General  instructions:  complete  one  form  for 

EACH  INDIVIDUAL  lAW  AFR  127-4.  ENTER  ANSWERS  BY  HAND 
PRINTING  OR  TYPING.  ATTACH  THE  LIFE  SCIENCE  NARRATIVE 
AT  THE  END  OF  THE  FORM.  IF  MORE  THAN  ONE  INDIVIDUAL  IS 
INVOLVED  IN  THE  MISHAP.  A  SINGLE  NARRATIVE  IS 
acceptable  PROVIDED  EACH  PERSON  HAS  THEIR  OWN 
SECTION  FOR  INJURIES  AND  THE  72  HOUR  HISTORY.  ATTACH 
THE  LATEST  TWO  (2)  PHYSICALS.  INCLUDING  THE  MOST 
RECENT  SF  -  88.  ONLY  TO  HQ  AFISC  /  SER. 


1.  INDIVIDUAL  BACKGROUND 

a.  IDENTIFICATION 

(IlNAME:  _ _ 

(2) SSAN:  _ _ 

(3)  RANK; _ _ _ _ _ 

(4) SEX:{niale/lemale):  _ _ 

(5)  DOB;  (yy/mm/dd); _ 

{6)  CREW  POSITION.  (AFSC) _ 

(7)  DATE  OF  MISHAP  (yymmdd); _ 

(8)  ASSIGNED  UNIT; _ 

(9)  ASSIGNED  BASE; _  . 

(10)  BASE  NEAREST  MISHAP; _ 

(11)  COMMAND; _ 

(12)  AIRCRAFT  MDS; _ 

(13)  AERO  RATING;  _ _ _ 

(14)  SOURCE  OF  COMMISSION; _ 

(Ors.  USAfA.  ROTC,  OTHaR) 

(15)  Was  this  person  in  control  o(  the  aircraft  (hands  on 

controls )  at  the  time  of,  or  during,  the  mishap? 
Yes _  No _  Unknown _ 

(16)  MARITAL  STATUS;  Single _  Married _ 

Separated _ _  Divorced _ 


PRIVACY  ACT  STATEMENT 

AUTHOfRTV:  10  USC  0012 

PmMCiOAL  ^URPOSEjS):  lnwMii0aiiO(M  of  mithtp*  eoriducivf  for  mithap  provoMion 
purpoM*  wtiMn  ttw  Air  Foroo. 

AOtlTIHE  USES:  To  prowWo  tUMlMieai  and  htaiorical  Inlormaiion  usad  by  tha  Dapartmanf  of 
Oa(ar«a  lor  ndahap  prawantiOA.  SpacAealy.  for  spadal  itodlaa  InvoMng  aoraaa.  ajaction.  March, 
raacua.  lurvlMl.  raiatad  aquipmani  or  training.  pTiytloiogleai.  madicai  or  ir^ury  data.  Whan  data 
ara  uaad  tor  aataiy  aducaiionai  or  promoiienai  fmaarWa.  dia  Idanttiaa  of  iny^Md  parsormal  ara 
Aoi  diiCkMad. 

DISCLOSURE  IS  MANDATORY:  UnNu  tha  indwiduaJ  •  autpaoad  of  cmmtting  a  vIoUtion 
of  tha  Urritorm  Coda  of  Military  Juaiica.  Tha  Information  b  naadad  lo  an«uro  your  paraotui  aafaiy 
artd  th#  of  odtaro. 


(3)  TOBACCO  Indicate  Y-  Yes,  N-  No,  or  U-  Unknown 

(a)  Smoke _  (d)  Cigarette  packs/day _ 

(b)  Sniff _  (e)  Pipe  bowls/day _ 

(c)  Chew  /  Dip _  ( f )  Cigars/day _ 

(4)  PRE-EXISTING  DISEASE(S)  /  ILLNESS 

(a)  DIAGNOSES  (b)  WAIVER  (c)  USAFSAM 


b.  MEDICAL  HISTORY 

(1)  ANTHROPOMETRY 


Use  inches  and  pounds 


(a)  HEIGHT; _ (b)  WEIGHT; _ 

(c)  HAND  DOMINANCE:  Right _ ; 

Left _ ;  Ambidextrous _ 

Complete  (d)  -  (I)  if  available. 

(d)  BUTTOCK  KNEE  LENGTH: _ 

(e)  LEG  LENGTH: _ 

(I)  FUNCTIONAL  REACH: _ 

(g)  SITTING  HEIGHT; _ 

VISION  Indicate  Y-  Yaa.  N-  No,  or  U-  Unknown 

(a)  Corrected  _ _ _ 

(b)  Multifocal _ 

(c)  Contacts  _ _ 

(d)  Used _ 

(e)  Current _ 

(I)  Sunglasses  worn  during  mishap _ 


Anacn  aOditionaJ  pagas  f  nead^d  j 

(5)  Are  latest  two  physicals  attached?  Yes _ No _ . 

( AmCH  TO  HO  ARSC  COPY  ONLY ) 

(6)  Date  of  last  flight  physical; _ 

C.  WORK  /  REST  HISTORY  Time  in  hours  and  tenths 

(1)  Hours  worked  in  last  24  hrs. _ 

(2)  Hours  worked  in  last  48  hrs. _ _ 

(3)  Hours  worked  in  last  72  hrs. _ 

(4)  Continuous  lime  awake  prior  lo  mishap. _ 

(5)  Hours  slept  in  last  24  hrs. _ 

(6)  Hours  slept  in  last  48  hrs. _ 

(7)  Hours  Slept  in  last  72  hrs. _ _ 

(8)  Duration  ot  last  sleep  period. _ 

(9)  Hours  between  last  meal  and  mishap. _ 

2.  MISHAP  MEDICAL  INFORMATION 

a.  OVERALL  DEGREE  OF  INJURY 


(1)  NONE _ 

(2)  MINOR  _ 

(3)  MAJOR 

(4)  FATAL  _ 

(5)  MISSING 


MARK  ONLY 
ONE 


CREW  POSITION/PASSENGER 

LAST  NAME  | 

SSAN  I 

MISHAP  DATE 

yip  ForiM  7ilgA  (previous  editions  obsolete)  FOR  LIMITED  USE  ONLY 


BS3 

THORAX 

Tut  ItiO 

BS4 

1  nUMo 

A 

ArfTERion 

BSS 

TIBIA 

S 

BLATERM. 

B56 

TIBIA!  FIBULA 

E 

ENTIRE  BODY 

B57 

Toes 

L 

LEFT 

BTI 

Tl 

M 

MEDIAL 

BT2 

T2 

P 

POSTERIOH 

BT3 

T3 

n 

RIGHT 

BT4 

TA 

u 

UMLNOWI 

BTS 

TS 

BTS 

T6 

Ifeifjiev  n^ocaviioM 

8T7 

QTa 

T7 

801 

ABDOMEN 

Dl  O 

BT9 

10 

T« 

802 

ANKLE 

BTA 

TIO 

R03 

ARM  LOWER 

BTB 

Til 

804 

ARM  UPPER 

BTC 

T12 

RQS 

aACK(NONFRACTURE) 

BS6 

ULNA 

806 

BASAL  SKULL 

BSS 

ULNA  A  RADIUS 

807 

BRACHIAL  PLEXUS 

660 

UNKNOWN  FRACTURE 

Boa 

BRAIN 

Bat 

UNKNOWN/NA 

no9 

BUnOCKS 

B62 

WRIST 

RIO 

CHIN 

B63 

lOUaOOY  SURFACE 

an 

CLAVCLE 

B64 

20%BOOY  surface 

6C1 

Cl 

B6S 

30%aOOY  SURFACE 

8C2 

C2 

666 

4asBOOY  SURFACE 

SCO 

C3 

Ba? 

SO%SOOY  SURFACE 

BC4 

C4 

Baa 

60%SOOY  SURFACE 

ties 

CS 

669 

TOKBOOY  SURFACE 

0C6 

C6 

870 

eoUBOOY  SURFACE 

BC7 

C7 

871 

A0S8OOY  SURFACE 

812 

EAR 

fliO 

Oil 

ELBOW 

ENTIRE  BODY 

EYE 

o  1  ^ 

BtS 

001 

ABRASION 

816 

FACE 

D02 

ACOUSTIC  TRAMA 

817 

FACIAL  BONES 

003 

AMPUTATION 

Bia 

FEMUR 

004 

ASPHYXIA 

Bi9 

FIBULA 

DOS 

ASPHYXIA-TOXIC 

020 

finger 

006 

AVULSION 

821 

FOOT 

007 

errE-ANiMAL 

B22 

GREAT  VESSELS 

008 

BITE-HUMAN 

820 

KANO 

009 

BLAST  INJURY 

824 

HEAD 

OlO 

BLUNT  TRAMA 

82S 

h€ART 

Oil 

BURN-lST  DEGREE 

826 

HiP 

012 

6URN-2NO  DEGREE 

827 

HUMERUS 

013 

BURN-3R0  DEGREE 

R26 

INGUINAL 

014 

BUflN-4TH  DEGREE 

029 

JAW 

Ois 

BURN-CHEMICAL 

830 

KONEY 

016 

BURN  ELECTRICAL 

631 

KNEE 

017 

CONCUSSION 

832 

LEG  LOWER 

016 

CONTUSION 

803 

LEG  UPPER 

019 

CRUSH  INJURY 

834 

LIVER 

020 

DCS  {BE  NOS) 

835 

LUNG 

021 

DCS  (CHOKE) 

0L1 

LI 

022 

DCS  (CNS) 

B12 

L2 

023 

OCS  (CRAWLS) 

BL3 

L3 

024 

DECAPITATION 

014 

L4 

025 

DEHY’DRATION 

815 

IS 

028 

DEPRESSED 

B36 

MENINGES 

D27 

DISLOCATION 

B37 

MULT  BODY  PARTS 

028 

DROWNING 

83a 

MULTIPLE  EXTREME 

029 

EDEMA 

B39 

NECK 

030 

ELECTROCUTION 

040 

NOSE 

CQl 

EMBOLISM 

Oil 

PELVIS 

032 

EVISCERATON 

842 

PUBIC 

033 

EXHAUSTION 

043 

RADIUS 

034 

EXSANGU1NATION 

844 

RfBS 

035 

FOREIGN  BODY 

B45 

SACROILLIAC 

036 

FRACTURE  DISLOCATION 

846 

SACRUM  COCCYX 

037 

FRAGMENTATION 

B47 

SCAPULA 

038 

FROSTBITE 

348 

SHOULDER 

039 

FX.  ANT  COMP  W/CORO 

849 

SKULL 

KAJflY 

050 

SPINAL  CORO 

040 

FX.ANT  COMPRESSION 

851 

SPLEEN 

041 

FX.  COMMlLfTEO 

B52 

STERNUM 

042 

FX.  COMPOUND 

043 

FX  HYPEREXTEN  WiCORD 

C20 

EXPLOSIVE  DECOMPRESSION 

MJURY 

C21 

FAXURE  OF  SURVIVAL 

044 

FX  hyperextension 

EQUIPMENT 

04S 

FX  IMPACTED 

C22 

FIRE 

046 

FX,StylPlE 

C23 

FIREBAU 

047 

FX.  UNFORM  COMP 

C24 

FUELS(GASOLINE  ETC) 

046 

FX.  UNFORM  COMP  WICORO 

C2S 

FUMES/SMOKE 

HJURY 

C26 

G  FORCES 

049 

FXS.  MULTIPLE 

C27 

GASES 

060 

GUNSHOT  WOUND 

C26 

MEAT 

0S1 

HEAT  EXHAUSTION 

C29 

HIT  BY  DEBRIS  ACFT 

052 

HEAT  STROKE 

C30 

HYDRAULIC  FLUOS 

053 

HEMARTHflOSIS 

C31 

HYPOXIA 

C»4 

HEMATOMA 

C32 

INITIAL  IMPACT  W/  TERRAIN 

OSS 

HEMIPLEGIA 

C33 

JET  BLAST/PHOP  WASH 

0S8 

HEMORRHAGE  (W/  SHOCK) 

C34 

LACKOFSURV^AL 

0S7 

HEMORRHAGE 

EQUIPMENT 

068 

HERNIA 

C35 

LANDED  ON  SURVIVAL  KIT 

059 

HYPOTHERMIA 

C38 

MISSING 

060 

IMMERSION  II^RY 

C37 

MISTS 

061 

INFARCT 

C36 

MISUSE  OF  SURVIVAL 

062 

INTERNAL  DERANGEMENT 

EOUIPMENT 

063 

LACERATION 

C39 

NITROGEN  OXIDES 

D64 

LOST 

C40 

OBJECT  DBLODGECKOROP 

06S 

MULTIPLE  EXTREME  INJURIES 

IN  /DURING  FLIGHT 

066 

OTHER  INJURY 

C41 

OPENING  SHOCK  OF  CHUTE 

067 

OTKER  OCCUPATIONAL 

C42 

POOR  PLF 

DISEASE 

C43 

RESTRAtNT(S) 

068 

PARAPLEGIA 

C44 

ROCKET  BLAST 

069 

PARESIS 

C4S 

SEATCOLUPSE 

070 

PNEUMOTHORAX 

048 

SECONDARY  IMPACT  W/ 

071 

PUNCTURE 

TEHRAN 

072 

OUAORIPLEGIA 

C47 

SHRAPNEL 

073 

RAD  INJURY  IONIZING 

048 

SOLVENTS 

074 

RAD  INJURY  NONIONIZING 

C49 

STRUCK  BY  DISLOOGEO  EQPT 

07S 

RUPTURE 

C50 

STRUCK  BY  EJECTION  SEAT 

078 

SEVERED  NERVES 

C51 

STRUCK  BY  MOVING  ACFT 

077 

SPRAIN/STRAIN 

C52 

STRUCK  BV  OTHER  ACFT 

078 

STAB  WOUND 

CS3 

STRUCK  BY  OTHER  WOW 

079 

STARVATION 

C54 

STRUCK  BY  PERSONAL  EOPT 

060 

STRETCHING 

CSS 

STRUCK  BY  ROTOR  BLAD& 

061 

TEAR 

PK)P 

062 

TOXIC  REACTION 

CS6 

STRUCK  BY  UNAHACHED 

083 

TOXC  REACTION  SKN 

EQUIPMENT 

064 

TOXIC  REACTION  SYSTEMIC 

C57 

STRUCK  CABIN  STRUCTURE 

065 

TRANSECTION 

CS8 

STRUCK  CANOPY 

066 

TRAPEO  GAS  EAR  BLOCK 

C59 

STRUCK  CTL  STICK 

007 

TRAPPED  GAS  ABDOMINAL 

C€0 

STRUCK  ESCAPE  HATCH 

068 

TRAPPED  GAS  DENTAL 

C81 

STRUCK  EXTL  SURF  ACFT 

069 

TRAPPED  GAS  SINUS  BLOCK 

C62 

STRUCK  GUN  SIGHT  (HUD) 

090 

UNCONSCIOUNESS 

C63 

STRUCK  OTHER  COCKPIT 

091 

UNKNOVrfNmA 

STRUCTURE 

C&4 

STRUCK  RADARSCOPE 

C65 

STRUCK  WINDSHIELD 

citr*^cniMTr%  ictip^tai^c 

<.<co 

C01 

BIRD  STRIKE 

C»7 

THROWN  OJT  OF  ACTT 

C02 

BUST /EXPLOSION/ 

C68 

TRAPPED 

DISINTEGRATION 

C69 

TUMBLING 

C03 

BORANES 

CTO 

TURBULENCE 

C04 

BULLET  WOUNDS 

C71 

UDWH-HYORAZINE 

COS 

C8  (FIRE  EXTINGUISHENT) 

C72 

UNKNOVW 

C06 

COLD 

C73 

WINDBUST 

C07 

DEBARKING  ACFT  ON  GNO 

C06 

DECELERATION. 

LONGITUDINAL 

COO 

DECELERATION.  VERTICAL 

CIO 

DEFORMATION  OF  ACFT 

C11 

DRAGGING 

C12 

DROWNING 

C13 

OUSTS 

C14 

EJECTION  FORCE 

CIS 

EJECTION  THRU  CANOPY 

cie 

ENTANGLE  (EOPT/CHUTE) 

C17 

ENTANGLE  SHROUD  LINE 
WATER 

C18 

ESCAPE  ROPE 

CIO 

EXPLOSION 

EXAMPLE  Injury  cod« 

INJURY  /  DIAGNOSIS:  Left  upper  arm  fracture  compound  L.  B04,  D42 

CAUSE:  Broken  on  ejection  due  to  wind  blast  C73 


rrOHOFreiW.  USt  only:  this  B  a  PHlviuetouMiitu-ust  HtnoHi.  UNAUiHOHWtu  DISCLOSURE  OF  THE  IHFORMAHON  IN  THIS  flEPOBT  IS  ACHmiMAL OFFEWSE 
'  _ PUMBHABLE  UNDER  ARTICLE  92.  UNIFORM  COPE  OF  MILITARY  JUSTICE.  SEE  AFR 127^.  PARA  1-«  1 1-9  FOR  RESTBICTPHS. 


b.  LABORATORY  TESTS:  (Blood  and  body  fluids.) 

(1)  TYPE  TEST  (2)  TISSUE  TESTED  (3)  TESTING  LAB  (4)  METHOD 


(5)  RESULT 


NOTE:  FOR  MORE  TESTS.  DISEASES.  INJURIES.  OR  RESULTS.  INCLUDE  THEM  ON  PLAIN  BOND  CONTINUATION  SHEETfS). 


C.  INJURIES  (body  part/1n|ufyl:  Fof  non-iuivlvabl«  koboa  forcM  indicato  MULTIPLE  EXTREME  or  TOTAL  FRAGMENTATIOI  whon  ayipllcoblo 

LIST  INJURIES  IN  DECREASING  ORDER  OF  SEVERITY 


INJURY  CODE 
SEE  FACING  PAGE 


ilJ_INJURY  /  DIAGNOSIS. 

in 

ll3L 

m 
m 

(W INJURY  /  DIAGNOSIS: 


CAUSE: 


INJURY  /  DIAGNOSIS: 


CAUSE: 


INJURY  /  DIAGNOSIS: 


CAUSE: 


INJURY /DIAGNOSIS: 


CALtSE: 


INJURY  /  DIAGNOSIS: 


CAUSE: 


CAUSE: 


CAUSE  EXAMPLES  Bird  Sdike.  Burn  (chorrical.  luol).  Drowning.  Parachute  Landing  Fall(PLF).  Ejection.  Explosion,  Flail,  Impact  with  . .?  , 
Personal  Equipm  ’nl .  Generally  give  the  WHAT  .nnd  HOW  ol  the  injury  cause  and  WHEN  it  was  sustained. 

d.  X-RAY  RESULTS 
!(1I  AREA  /  LOCATION  (2)  FINDINGS 


I  -■ 


INJURY  INCAPACITATION  TIMES 

Indicale  llrn«  or  "M/A.' 


(1)  DAYS  HOSPITALIZED _ 

(2)  DAYS  IN  QUAiTTERS _ _ 

(3)  DAYS  GROUNDED  (DNIF)  _ 

(4)  TIME  OF  UNCONSCIOUS/ JESS 

(a)  (Trs/mins) _ 

(b)  (seconds)  _ _ 


! 

INJURY 

PROFILE  (  lURK  OR  DRAW  INJURIES  WHEN  APPLICABLE  )  j 

■  CRE'/;  POSITION/PASSE/.'GER 

1 

LAST  NAME 

SSAN 

MISHAP  DATE 

AF  71  IgA  (p.'evious  editions  obsolete)  FOR  LIMITED  USE  ONLY 

Amc:89 


PUNISHABLE  UNDER  AflTlOE  92.  UNIFORM  CODE  OF  MIUTARY  JUSTICE.  SEE  *FR  1274  PARA  1-«  »  19  FOR  RESTRICTIONS. 


Evaluate  each  factor  for  presence  and  the  significance  of  its  contribution.  Mark  PRESENT  Factors  with  either  0, 1,  2,  3,  or  4 
from  contribution  scale.  If  Factor  NOT  PRESENT  leave  blank,  if  UNKNOWN  if  factor  PRESENT  mark  with  ”U”. 


none  H - 1 - 1 - 1 - 1  DEFINITE 

DISCUSS  PRESENT  FACTORS  IN  THE  HUMAN  FACTORS  PORTION  OF  THE  NARRATIVE 


3.  HUMAN  PERFORMANCE  AND 
ENVIRONMENTAL  CONCERNS 

A  PHYSIOLOGIC  OR  BIODYNAMIC  FACTORS 

1  BIODYNAMIC 

101  _  HYPOXIA 

102  _  HYPERVENTILATION 

103  _  EAR  BLOCK 

104  _  ALTERNOBARK:  VERTIGO 

105  _  SINUS  BLOCK 

106_  BAROOONTALGIA 
107 _ PT«UMOTHORAX 

ABDOMINAL  GAS 

109 _ I  BENDS/OECOMPRESSlOfJ  SICKNESS 

no _ CHOKES/OECOMPRESSONSICKNESS 

111 _  CNSiOECOMPRESSON  SICKNESS 

1 12_  G  INDUCED  VISION  OEFiCrT 

113  _ G-INOUCED  LOSS  OF  CONSCIOUSNESS 

114  _  OTHER _ 

2  SENSORY  AND  PERCEPTUAL 

115  _ VISION  DEFICIT 

116  _ VISUAL  ACQUISITION 

117_  VISUAL  ILLUSION 

na _ VESTIBULAR  ILLUSION 

119  _ KINESTHETIC  ILLUSION 

120  _  AuorroflYCUES 

121  _  NOISE  INTERFERENCE 

122  _ VBRATKDN 

123  _ MISPERCEPTION  OF  SPEED 

124  _ MtSPERCEPTJONOF  DISTANCE 

125  _  misperception  OF  POSITION 

126  _  SPATIAL  disorientation  (TYPE  1)  UNRECOGNIZED 

127  _  SPATIALOISORIENTATION  (TYPE  2)  RECOGNIZED 

128  _  SPATIALOISORIENTAT.cn  (TYPE  3)  UNCONTROILADLE 

129. _ OTHER _ 

3  PATHOPHYSIOLOGICAL 

CO  _  DRUGS  PRESCRinEOnwCDlCAi  OF'ICtn 

135  _  DRUGS,  OTHER 

132"1  SIDE  EFFECTS /HANGOVER 

133  _  ALCOHOL 

134  NICOTINE 

135  ■  CAFFEINE 

136  _  NUTRfTlCN 
*.3"  OcHVOHATiCN 

138  WAfVEfiS.MtCCAL 

139  PHYSICAL  FITNESS 

140  PHYSICAL  FATiGUe 

141  SUDOEN  INCAPACITATION  /  UNCGNSCIOUSNfSS 

142  ‘  FOOD  POISONING 

143  ~  '  CARBON  MONOX  ICE  POISONING 

144  '  TOXIC  EXPOSURE 

145  MOTION  SICKNESS 
uel'l  OTHER  ACUTE  ILLNESS 

147  _  OTHER  PRE  existing  DISfc'ASErGtrr.CT 
I43_  THERMAL  STRESS  HEAT 
t49_  THERMAL  STRESS  COLD 

150  _ RAOWTON 

151  OTHER 


4  ANTHROPOMETRIC 

152  _ WORKSPACE  INCOMPATIBLE  WITH  HUMAN 

153  _  INADVERTENT  OPERATION.  MECHANICALLY  INDUCED 

154  _ body  see 

155  _  PK^SCAL  STRENGTH 

156  _  PHYSICAL  HrlOeiLITY 

157  _ DEXTERITY 

158  _  OTHER _ _ 

B  PSYCHOLOGICAL  FACTORS 

1  PROFICIENCY 

159  _  INAOeOUATE  TRANSITION 

ISO _  LIMITED  TOTAL  EXPERIENCE 

161  _  LIMITED  RECENT  EXPERIENCE 

162  _  NEGATIVE  TRANSFER 

163  _  USED  WRONG  CONTROL 

164  _ E\'tNT  PROFICIENCY 

165  _  EVENT  CURRENCY 

166  _ JOe/FLYi^G  PROFICIENCY 

167  _  X)e/ FLYING  CURRENCY 

168  _  LEARNING  ABILITY.  RATE 

*.B9 _  MEMORY ABiLfTY 

170  _ technical /PROCEDURAL  KNOWLEDGE 

171  _  OTHER _ 

2  SITUATIONAL  AWARENESS 

172  _  inattention 

173  _  SELECTIVE  INATTENTION 

174  _  CHANNELIZED ATTENTIOJ 

175  _  DtSTRACTON 

176  _  BOREDOM 

177  _  FASCINATION 

179 _  TEMPORAL  DISTORTION 

179  _ CONFUSION 

180  _ COGNP.  rVE  TASK  OVERSATURATION 

181  _  HABIT  INTERFERENCE 

182  _ MISREAD  INSTRUMENTS 

183  _  MISINTERPRETEDINSTRUMENTREAOING 

184  _  OTHER _ 

3  MENTAL  FATIGUE 

185  _  ACUTE 

186  _  CHRONC 

187  _  motivational  EXHAUSTION  (BURNOUT) 

188  _  SLEEP  DEPRIVATON 

189  _  CIRCADIAN  RHYTHM  DE  SYNCHRONY 

190  _ OTHER _ 

4  PERCEPTUAL-MOTOR  CAPABILITIES 

191  _  PHYSICAL  TASK  OVEHSATURATION 

192  _  TIME  AND  SPACE  LIMITATION 

193  _  CONFUSION  OF  CONTROLS 

194  _  INADEQUATE  COORDINATION  OR  TIMING 

195  _  FLYING  SKILL  ABILITY /DEFCIENCY 

196  _  OVERCONTROL 

197  _  OTHER _ 

5  JUDGMENT  AND  DECISION  MAKING 

198  _  FAILURE  TO  USE  ACCEPTED  PROCEDURES 

199  _  SELECTED  WRONG  COURSE  OF  ACTCN 

200  _ DELAY  IN  TAKING  NECESSARY  ACTION 

201  _  RUSH  IN  TAKING  NECESSARY  ACTION 

202  _  VIOLATION  OF  FLIGHT  DISCIPLINE 

203  _  PROCEDURE /NAVIGATIONAL  ERROR 

204  _  INADVERTENT  OPERATION.  SELF-INDUCED 

205  _  GETHOMEmS/GET-THERE  inS 

206  RISK  ASSESSMENT 

207  _  IGNORED  CAUTION /WARNING 

200 _  OTHER _ 


r CRLW  POSITION/PASSENGER 


LAST  NAME 


MISHAP  DATE 


AF  71  IgA  (previous  editions  obsolete)  FOR  LIMITED  USE  ONLY 


PUNtSHABU  UNOeR  ARTICLE  92.  UNIFORM  CODE  OF  MILITARY  JUSTICE.  SEE  AFR 1274,  PARA  14  &  14  FOR  RESTRICTIONS. 


Evaluate  each  factor  for  presence  and  the  significance  of  its  contribution.  Mark  PRESENT  Factors  with  either  0, 1,  2, 3,  or  4 
from  contribution  scale.  H  Factor  NOT  PRESENT  leave  blank,  if  UNKNOWN  if  factor  PRESENT  mark  with  "U”. 

0  12  3  4 

NONE  -I - 1 - 1 - 1 - 1  DEFWTC 

DISCUSS  PRESENT  FACTORS  IN  THE  HUMAN  FACTORS  PORTION  OF  THE  NARRATIVE 


PERSONALITY  INFLUENCES 

(«)  EMOTIONAL  STATE 

209  APPREHENSION 

210  _  PANC/ CHOKE /FREEZE 

2ti _ ANGER 

212  _ OEPRESSKDN 

213  _ RECENT  CHANGE 

214  _  IRRITABLE 

215  _ CAREFREE 

216  _  ELATION 

217  _  UNKNOWN 

216 _  OTHER _ _ 

(b)  BEHAVIOR 

219  _  RESPONSE  SET 

220  _  PRESSING 

221  _  PREOCCUPATION 

222  _ ^  EXCESSIVE  MOTIVATION  TO  SUCCEED 

223  LACK  OF  DISCIPLINE 

224  _  LACK  Of  CONFIDENCE 

225  _  OVERCONFOENCE 
226'"'  OVERCOMMITMENT 

227 _  MOTIVATION  MISPLACED 

226  _  MOTIVATION  INADEOUATE 

229  _ GAMESMANSHIP  OR  CAREERISM 

230  OVERAGGRESSIVE 

231  _  COMPLACENCY 

232  _  OTHER _ 

(c)  PERSONALITY  STYLE 

233  _  NARCISSISTIC 

234  _ EXPIOSWE 

235  _  IMPULSIVE 

236  _  WVULNERAOLE 

237  _  MACHO 

236 _  PASSIVE  AGGRESSIVE 

239 _ SUBMISSIVE 

240_  CONSCnVATIVE 

241  LONER 

242  _  authoritarian 

243  _ NONE  OF  THE  ABOVE 

244  _  other _ _ 

PSYCHOSOCIAL  FACTORS 

PEER  INFLUENCES 

245  _  PEER  PRESSi;^.c.  EXPRESSED 

246  PeERPFHCEPTlON.>AORALE 

_  PEER  OR  CREW  RULE  VIOLATIONS 

248  OFFCERSHIP 

249  _  REPHATION 

250  _ 0rHEfl_ _  _  _  . 

PERSONAL  AND  COMMUNITY 

251  _  CAREER /Xe  PROGRESSION 

252  I  CAREER /JOB  SATISFACTION 

253  _  RECENT  OR  PLANNEOCHANGE  WCARCER/JOO 

254  ■  INTERPERSONAL  RELATlONSIttPS 

255  U  FAMILY  OR  FRIEND  DEATHfILLNESS 

256  _  FMANCIAL  PROBLEMS 

257  _ LEGAL  PROBLEMS 

256 _  MARfTAL  PROBLEMS 

259  FAMILY  PROBLEMS 

263 _  RECENT  HOLOAY/VACATION 

261  _ RECENT  PROMOTION  CONSIDERATION 

262  _  RECENT  ENGAGEMENT  /  MARRIAGE 

263  _ RECENT  OfVORCE /SEPARATION 

264  _ ;  COMMUNITY  ACTIVITY  PARTICIPATION 

265  _ EDUCATION  BACKGROUND 

266  other  _ _ 


COMMUNICATION 

267  _ MISINTERPRETED  COMMUNICATIONS 

268  _  DISRUPTED  COMMUNICATIONS 

269  _ COMMUNICATION  HABITS 

270  _ CREW  COORDINATION 

271  _  EXTERNAL  COMMUNICATION 

272  _  WADEQUATECOMMUNICATIONEOUIPMENT 

273  _  INTRACOCKPIT  COMMUNICATION 

274  _ BLOCKED  TRANSMISSION 

275  _  RADIO  DISCIPLINE 

276  _  OTHER _ 


SMV!lK©MfeaSIkl7^1L 


A  AIRCRAFT  /  COCKPIT  DESIGN  FACTORS 

1  COCKPIT  SEAT 

277  ACCELERATCN  OR  DECELERATION  FORCES.  IMPACT 

273 _ SEATDES5GN 

279  _  SEAT  COr.lFORT 

280  _  FIXED  SEAT  RESTRAINT 

281  _  LIMB  RESTRAINT 

282  _ EJECTION  SEAT  SEQUENCING 

283  _  OTHER _ 

2  VISIBILITY 

284  _  VISION  RESTRICTED  BY  EQUIPMENT  STRUCTURES 

285  _ COCKPIT  LIGHTING 

286  _ GLARE 

287  _ CANOPY  REFLECTIONS 

283 _ CANOPY  DESIGN 

289  _  HEAO-UP  OISPUY  DESIGN  •  LOCATION 

290  _ HEAO-UPOISPLAY  DESIGN  •  SYMBOLOGY 

291  _  OTHER _ 

3  INSTRUMENTATION 

292  _  DESIGN 

293  _ ;  SIZE 

294  _  LIGHTING 

295  _  SYMBOLOGY 

296  FAILURE 

297  _  LOCATION 

298  MISLED  BY  FAULTY  INSTRUMENT 

299  _  OTHER _ 

4  CONTROLS 

300  DESIGN 

301  _  SIZE 

302  _  LIGHTING 

303  _  FAILURE 

304  _  SWITCH  LOCATION 

305  _ SWITCH  SIZE 

306  SWITCH  SHAPE 

307  _  LOCATION 

308  _  OTHER _ 

5  AUTOMATION 

309  _  functional  DESIGN  OF  SYSTEM 

310  _ USE  POLICY 

311  _  EmOYKCNT  GUIDANCE 

312  _  functional  OEFCIENCY 

313  _  SYMBOLOGY 

314  _  FAIURE  STATUS  WOICATOR 

315  _  MANUAL  BACKUP  INADEQUATE 

316  _  RELIABILITY 

317  _  PROGRAT.I  LOGIC 

316 _  DESIGN  DEFICIENCY 

319 _  OTHER  _ 


CREW  POSITION/PASSENGER 


LAST  NAME 


MISHAP  DATE 


AF  71 1  g  A  (previous  editions  obsolete) 

Auo89 


FOR  LIMITED  USE  ONLY 


''-ill 


_ PUWISHABl£  UNDER  ARTICLE  92.  UNIFORM  COPE  OF  MltTAHY  JUSTICE.  SEE  AFB 1274,  PARA  1-8 1 1-9  FOR  RESTBICTIONS. _ 

Evaluate  each  factor  for  presence  and  the  significance  of  its  contribution.  Mark  PRESENT  Factors  wKh  either  0, 1,  2,  3,  or  4 
from  contribution  scale.  If  Factor  NOT  PRESENT  leave  blank,  if  UNKNOWN  if  factor  PRESENT  mark  with  "U"  ’  >  •  ■ 

0  1  2  3  4  ■ 

NONE  -\ - 1 - 4 - 1 - 1  DEFWITE 

_ DISCUSS  PRESENT  FACTORS  IN  THE  HUMAN  FACTORS  PORTION  OF  THE  NARRATIVE 


B  OPERATIONS  FACTORS 

1  PREPARATION 

320  _  INADEQUATE  8RIEFWG 

321  _ SYSTEMS  KNOWlEnCE  (DASH  1) 

322  _ FAULTY  FLIGHT  PLAN 

323  FAULTY  PRE-FLIGHT  OF  AIRCRAFT 

324  _ mAOEQUATE  WEATHER  ANALYSIS 

325  _  OTHER _ 

2  COCKPIT  RESOURCE  MANAGEMENT  /  CREW 

COORDINATION 

326  _  INITIAL  FORMAL  TRAINING 

327  _  RECURRENT  TRAINING 

328'J _ LEADERSHIP  (COMMANDER  STYLE) 

329  _  SUBORDINATE  STYLE  /  COPILOT  SYNDROME 

330___  DEFACTO-  POLICY 

331  _  RANK  IMBALANCE 

332  _  OTHER _ _  _ 

3  PROCEDURAL  GUIDANCE  I  PUBLICATIONS 

333  _ INADEQUATE  WflinEN  PROCEDURES 

334  _  INAPPROPRIATE  WRITTEN  PROCEDURES 

335  _ ;  ^ADEQUATE  GRAPHIC  DEPICTION 

336  _  MISLEADING  GUIDANCE 

337  "  NOT  CURRENT 

336  OTHER _ 

4  MISSION  DEMANDS 

339  HURRIED /DELAYED  DEPARTURE 

340  _  CREW /FLIGHT  MAKEUP /COMPOSITION 

341  _  ACCELERATION  FORCES.  IN  FLIGHT 

342  _ LOSS  Of  AIRCRAFT  PRESSURIZATION 

343  _  LIGHTING  OF  OTHER  AIRCRAFT 

344  _  VISON  RESTRICTED  BY  WEATHER,  HAZE,  DARKNESS 

3>5 VISION  HESTRCTEO  BY  CING,  WNOOWS  FOGGED.  ETC. 

3<8 _ VISION  RESTRICTED  BY  DUST.  SMOKE.  ETC,  IN  AIRCRAFT 

347_1.  WEATHER.  OTHER  THAN  VISIOLRY  RESTRICTION 

348  _  exercises/evaluations 

349  _  NUMEROUS  TOY  S 

350  _  urirr  MISSION  OEKWNOS 

351  _  CREW  BEST 

352  _ TIA«:  INTO  CREW  DUTY  DAY 

353  _  SUPERVISORY  PRESSURES 

354  _ INTERNALIZED  UNIT  /  ORGANIZATIONAL  VAI  UES 

355  _ RULES  CONFORMAr«:E 

358 _ OTHER _ _ _ _ _ 

C  FACILITIES  AND  SERVICES  FACTORS 

1  AIRCREW  SUPPORT 

3a’  ACCESS  TO  DINING  FACILITIES 

358  _  RESIDENCE  QUARTERS 

359  CREW  REST  OUARTERS 

360  _  ACCESS  TO  EXERCISE 

361  _  ACCESS  TO  RECREATION  OR  LEAVE 

362  LC0X:AL  CARE 

363  _  TRANSIENT  MAINTENANCE 

364  _  DUTY  LOCATION  SATISFACTION 

365  _  ..  OTHER _ 

2  AIR  TRAFFIC  CONTROL 

366  _  LANGUAGE  BARRIER 

387 _ ^APPROPRIATE  GUIOANCE 

366 _  MACCURATE  GUOANCE 

369  _  LACK  OF  NAV  AIDS /ENROUTE 

370  _  MADEOUATE  MONTTORWG 

371'  OTHER  _ 


CREW  POSITION/P ASSFNGEn 


LAST  NAME 


3  AIRFIELD  CAPABIUTIES 

372  RUNWAY  LIGHTING 

373  _ RUNWAY  DIMENSIONS 

374  RUNWAY  SLOPE 

375  _  SURROUNDING  ENVIRONMENT 

378  LACK  OF  NAVAIOS  /  RADAR 

377  _  INADEQUATE  MONITORING 

378  _  OTHER _ 

D  EQUIPMENT  FACTORS 

1  LOGISTICS/MAINTENANCE  PERSONNEL 

379  _  WAOEQUATE  NSPECTION 

380  INADEQUATE  INSPECTION  POLICY 

381  _ SUPERVISION 

382  COMMAND  GUIDANCE 

383  _  PROCEDURES 

384  DESIGN 

385  _  OTHER _ _ 

2  LOGISTICS/MAINTENANCE  QUAUTY  ASSURANCE 

388  INADEQUATE  NSPECTION 

387  _  INADEQUATE  INSPECTION  POLICY 

388  _  SUPERVISION 

389  _  PROCEDURES 

390  _  OTHER _ 

3  LOCAL  WORKING  CONDITIONS 

391  _  MANNING 

392  _  TRAINING 

393  PERSONNEL  HARMONY 

394  _  PHYSCAL  PLANT 

395  _  SUPERVISION 

396  _  OTHER _ 

4  LOGISTICS/MAINTENANCE  MANAGEMENT 

397  _ OVERHAUL  POLICIES 

398  _ ACOUISmON  POLICIES 

399  _  MODIFICATION  POLICIES 

400  _  ATTRITION  POLICIES 

401  _ OTHER _ 

5  PUBLICATIONS  /  PROCEDURAL  GUIDANCE 

402  _  INADEQUATE  TECHNICAL  DATA 

403  _  INADEQUATE  WRITTEN  PROCEDURES 

404  _  INADECUATE/MISLEADING  REGULATIONS 

405  _ INADEQUATE  GRAPHIC  DEPICTION 

406  _  NOT  CURRENT 

407  _  OTHER _ _ 

E  fNSTITUTIONAL  OR  MANAGEMENT  FACTORS 

1  SUPERVISORY  INFLUENCES 

408  _  AVALA8ILITY 

409  _  INADEQUATE 

410  _  PERSONALITY  CONFLICT 

411  _  COMMAND  AND  CONTROL 

412  _  MODELING  (IMITATIVE  LEARNING) 

413  _  DISCIPLINE  ENFORCEMENT 

414  _ SENSITIVE  TO  PRESSURE 

415  _  COMPETENCY 

416  _  LACK  OF  FEEDBACK 

417  _ OBDEREDtEO  ON  FLIGHT  BEYOND  CAPABILITY 

416 _  OTHER _ _ 

2  INDICATE  LEVEL  OF  SUPERVISORY  FACTOR  (E.1) 

419  _ SUPERVISOR  OF  FLYING 

420  _  FLIGHT 

421  _  SQUADRON 

422  _  WING 

423  _ GROUP 

424  _ AIR  DIVISION 

425  _ NUMBERED  AIR  FORCE 

426  _  MAJOR  COMMAND 

427  _  AIRFORCE 

428  _  OTHER _ 


MISHAP  DATE 


71  IgA  {previous  editions  obsolete)  FOR  LIMITED  USE  ONLY 


T 
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fOfl  OFriClM.  ISE  ONLY:  THIS  B  A'PRIVUESEP  DMITED  USE  REPORT.  UMAUTHOAI2EP  DISaOSUBEOT  TOETfTOWiA'TIOfi  IN  THIS  REPgBT  IS  A  CRMimL  OPFE>BE 

_ PUNISHABLE  UNOER  ARTICI.E  92.  UNIFORM  CODE  OF  MHITAflY  JUSTICE.  SEE  AfB  1 274.  PABA 1  -8  1 1-9  FOR  RESTBICTONS. _ 

Evaluate  each  factor  for  presence  and  the  significance  of  its  contribution.  Mark  PRESENT  Factors  with  either  0, 1,  2,  3,  or  A 
Irom  contribution  scale.  H  Factor  NOT  PRESENT  leave  blank,  if  UNKNOWN  if  factor  PRESENT  mark  wrth  "U”. 

0  12  3  4 

NOf^  - 1 - 1 - 1 - 1  DEFINITE 

DISCUSS  PRESENT  FACTORS  IN  THE  HUMAN  FACTORS  PORTION  OF  THE  NARRATIVE _ 


3  TRAINING  ISSUES  /  PROGRAMS 

429  _ tNADEQUATE  INSTRUMENT  TRAINING 

430  _ INSTRUMENT  REFRESHER  COURSE 

431  _  LOST  WINGMAN  TRAINING 

432  _  RADAR  TRAIL  DEPARTURE /RECOVERY 

433  _  SIMULATOR/ PTT/CPT 

434_  LOW  LEVEL 

435  _ NIGHT 

436  _ NIGHT  VISION  GOGGLES 

I  437 _ WEAPONS  EMPLOYMENT  /  RANGE 

'  FDDkJATWiht 

j  439  PROCEDURES/ CHECKLIST  DISCIPLINe 

440  _  life  SUPPORT/ PERSONAL  EQUIPMEST 

I  441^  PHYSIOLOGICAL /CENTRIFUGE /SCO 

'  44?  NO  TRAINING  FOR  TASK  AtTEA/PTED 

443’ _ FLIR  (SYSTEMS) 

444  _ OTHER _ _ _ 

4  INDICATE  WHERE  TRAINING  FACTORS  OCCURRED 

445  _ UPT/UNT  /UHI 

446  _  LIFT 

447"'  RTU 

448  LOCAL  CHLCXCUT 

,  449  AMQT/MOT 

I  4S0  CONTINUATION  TRAINING 

;  .  OTHER^. _ _ _  ..  . 

5  EVALUATION  /  PROMOTION  /  UPGRADE  ISSUES 

4S2  OFFICER  EVALUATION  SYSTEM 

4'3  __  UPGRADE  PRESSURE 

454  SUPERVISOR  OF  FLYING 
FLIGHT  LEAD 

4S6  MISSION  COA'^LANCCR 

instructor  /  F. XAMIMLR 
4'>3  ■  range  OFFICER 

4«3  ■  RUNWAY  SUFERVISORY  OFFICER 

.*•60  _  _  OTHER _  .  _ _ 

1  e  WORKLOAD 
I  46!  AOCinONAL  C'JTib'S 

I  <1=?  '  '  PROFESSIONAL  WILITARV  ECM/C/'IION 

443  "  OTHER  ACAOE  MIC  CNP.a.LMENT 

4«4  ■■■  SUPERVISOR  fASKING 

455  ,  OT)‘£R  _ _  _ 

7  UNIT  PERCEPTIONS  OF  EQUIPMENT 
^  _  LACK  CF  CONFIDENCE  IN  EOUIPMFN) 

437  IjiCK  CF  CONFIDENCE  IN  AIRCRAFT 

■*a  LACK  OF  COrFl.'lENCE  IN  ESCAPE  SvsrCMS 

4e4  UN.'T  Pt.AMN  NG  TO  DEACTIVATE 

4,-c  '  .N’1  OlANC.ING  MISSION 'AII'CIIAFT 

,  4"  OriER 


l?a(§Tr©K  Rll.a¥3©M©IKllll?> 


COMPLETE  THE  MATRIX  BELOW  AFTER  RESPONDING  TO  ALL  THE 
INDIVIDUAL  AND  ENVIRONMENTAL  FACTORS.  THIS  AREA  WILL 
ALLOW  YOU  TO  ESTABUSH  RELATIONSHIPS  BETWEEN  FACTORS,  j 

I 

RANK  ORDER  ALL  FACTORS  (BY  NUMBER)  THAT  DEFINITELY 
CONTRIBUTED,  (TvlARKED  4^.  FROM  THE  TOP  DOWN  IN  THE  LEFT  ■ 
COLUMN.  ; 

THEN.  IN  EACH  ROW  UST  ANY  FACTORS  RELATED  TO  THAT  I 

DEFINITE  FACTOR,  AGAIN  IN  RANK  ORDER  CF  RELATIONSHIP  ! 
HIGHEST  TO  LOWEST  (LEFT  TO  RIGHT),  ] 

eXAMPLE:  ; 

DEFINiTE  h.ACTCR  FMIK ORDER  CF  RELATED  FACTCFS 

_ [13 _ I _ UP,  (37.  165 _ 

_ ITS  I  262  ' 

The  evaluator  is  expressing  that  1 1 3  is  the  GREATEST  ! 
contributing  factor,  ar.ij  is  MOST  related  to  140,  and  is  | 
LESS  related  to  137,  and  is  LEAST  related  to  165.  175  i 
has  less  contribution  than  1 13.  262  Is  related  to  175.  ! 


DERN17E  FACrCR 

HIG^CST 

RANK  ORDER  OF  RELATED  FACTORS  j 
whsmest  lowest  . 

■ 

/ 

I 

! 

I 

; 

I 

J 

I 

; 

- 1 

i 

I 

j 

i 

_ 

i 

i 

I 

lowtsT  ; 

IF  NEEDED.  CONTINUE  WITH  REUTKDNSHIPS  ON  THE  BACK.  I 


'  CRE'.V  FOSiriCN/PASSEt«3ER 

LAST  NAAfE 

SS.AN 

MISHAP  DATE 

FCfiM  711gA  (previous  editions  obsolete)  FOR  L 

MITED  USE  ONLY 

_ PUNISHABU  UND6R  ARTICLE  92,  UNIFORM  CODE  OF  MILITARY  JUSTICE.  SEE  AFR  127.4.  PARA  1-8  »  1-9  FOR  RESTRICTIONS. 


4.  LIFE  SUPPORT  EQUIPMENT 


a.  PERSONAL,  SURVIVAL,  &  ESCAPE 
EQUIPMENT 

ENTER  INFORMATION  ON  EQUIPMENT  LISTED 
AND  INDICATE  IF  IT  MALFUNCTIONED,  CON¬ 
TRIBUTED  TO  THE  INJURIES  OF  THIS  PERSON, 
OR  WAS  USEFUL.  ENTER  UNIT  MDR  NUMBER 
IF  SUBMITTED, 


ITEM  DESCRIPTION  (SPECIFY  TYPE  /  NUMBER 


CLOTHING 
FLIGHT  SUIT 


FLIGHT  GLOVES 


Ourtng 

During 

Eg/ OSS 

PLF 

Egai 

_ 1291 _ 

myrg.TtiPMav^.'jwtuMTTTWi?!’ 


oxygen  MASK 


OXYGEN  REGULATOfl 


OXYGEN  supply  GOURCE/PRESSURE 


in  PRESERVEfl  (LPU) 


AUTO  INFLATOfl 


tJf.CTlON  SEAT 

IF  ACESil  CHECK  WANUTACTURERl  MOA  1 1  WEQfRfl 


E^T  RESTRAINT(S) 


AUTO  ACTUATOR 


SUlWWAL  KIT /VEST 


I  *,>0111  VISION  GOGGLES  /  DEVICES 
i  Co'^c'ew  ivldinonal  form  il  iovolvod 


^ANd  G  SUlTr  PRESSURE  SUIT 

I 


ANTI  G  '/EST  (JERKIN) 


ENVIRONMENTAL  CONTROL  SYSTEM 


I  PRESCRIPTION  GLASSES 

PoTher 


OIf€R  EXAAIPLES  ElECTBCFOPTICAl  (3E VICES,  CICMICAl  DEFENSE  GEAR, 
O  tags.  BODY  ARMOR.  PERSONAL  LOWERING  DEVICE.  ETC 


CODE  CONDITION  /  PROBLEM 

01  ACTUATED  AUTOMATICALLY 

02  ACTUATED  BY  ANOTHER  PERSON 

03  BOTH  SIDES  FAILED  TO  A  UTO  ACTUATE 

04  LEFT  OR  RIGHT  AUTOMATIC  INFLATION 

05  LEFT  OR  RIGHT  SIDE  FAILED  TO  AUTO  ACTUATE 

06  DIFFICULT  ACTUATION 

07  FAILED  ACTUATOR 

08  INADVERTENT  ACTUATION 

09  ADDED  TO  INJURIES 

1 0  CONTRIBUTED  TO  INJURY 

1 1  MINIMIZED  INJURIES 

12  PRODUCED  INJURIES 

1 3  USE  HAMPERED  BY  INJURY 

14  AIDED  IN  RESCUE/SURVIVAL 

1 5  DETRACTED  FROM  RESCUE/SURVIVAL 

16  BEYOND  REACH 

17  BURNED 

18  CUT 

19  DAM.AGED 

20  DELAYED  IN  USING 

21  DESIGN  DEFICIENCY 

22  DESTROYED 

23  DIFFICULT  CONNECTION 

24  DIFFICULT  RELEASE 

25  DIFFICULT  RESTRAINT 

26  DIFFICULTi'  LOCATING 

27  DISCARDED 

28  DONNIN(GHEMOVAL  PROBLEM 

29  ENTANGLEMENT 

30  ENT/  NGLEMENT  WITH  AIRCRAFT 

31  ENTANGLEMENT  V/ITH  EJECTION  SEAT 

32  ENTANGLEMENT  WITH  PARACHUTE 

33  FAILED 

34  FAILED  CONNECTION 

35  FAILED  RELEASE 

36  FAILED  RESTRAINT 

37  INADVERTENT  RELEASE 

38  INSTALLATION  ERROR 

39  LANDED  ON  UNDEPLOYED  SURVIVAL  KIT 

40  LEAKED 

41  LOST 

42  MATERIEL  DEFICIENCY 

43  NON-STANDARD  CONFIGURATION 

44  NOT  AVAILABLE 

45  OPERATED  PARTIALLY 

46  POOR  FIT 

47  PUNCTURED 

48  TORN 

49  NOT  USED  PROPERLY-  HAD  TRAINING 

50  NOT  USED  PROPERLY-  NO  TRAINING 

51  USE  HAMPERED  BY  COLD 

52  USE  HAMPERED  BY  OTHER  EQUIPMENT 

53  USE  HAMPERED  BY  WATER 

54  USE  UNFAMILIAR 

55  FAULTY  PREPARATION  OF  EQUIPMENT  BY  AIRCREW 

56  FAULTY  PREPARATION  OF  EQUIPMENT  BY 
TECHNICIAN 

57  MAINTENANCE  ERROR 

58  UNAUTHORIZED  MOOIFICATtON  TO  EQUIPMENT 

59  NOT  REQUIRED  BUT  NEEDED 

60  OTHER  _ 

COMMENT  ON  IDENTIFIED  EQUIPMENT 
PROBLEMS  IN  THE  LIFE  SUPPORT  NARRATIVE. 
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MISHAP  DATE 
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TOR  OFf  CIAL  OSE  ONIV:  THIS  IS  A  PHlVgGED  IIMITED  USE  t<kt>ORT.  UNAUTHaHiZED  DlSCLOSURETSF  THE  INFORMATION  M  THtiiWOH  I TS  A  CflIUNAl  OFFEHSg 
_ PUNtSHABlE  UNDER  ARTICLE  92,  UNIFORM  CODE  OF  MIITARY  JUSTICE.  SEE  AFH  127~«.  PARA  1-8  >  1-9  FOR  RESTRICTIONS.  _ 


4.  b.  ESCAPE  DECISION  AND  DATA  (J)  ESCAPE  INTENTION 


(1)  LOCATION  IN  AIRCRAFT 

(CREW/PASSENGER  SEATING) 


(A)  LOCATION 


(B)  LONGITUDINAL  LOCATION 


1  COCKPIT  CONTROL  AREA  t _ RDRWARO 

2  _ NAV1GAT0R€NGINEER  area  2 _ CENTER 

3  CABIN/PASSENGEB  AREA  3 _ AFT 

4  OTHER _ A _ UNKNOWN 

5  UNKNOWN 


1  _ intentionai..  other-induced 

2  _ INTENTIONAL.  SELF-INDUCED 

3  _ UNINTENTIONAL,  MECHANICAL 

4  _ UNINTENTIONAL,  OTHER-INDUCED 

5  _ UNINTENTIONAL.  SELF-INDUCED 

3 _ INTENT  UNK  lOWN 

(4)  REASONS  FOR  ESCAPE 

(MARK  Aa  THAT  APPLY) 


1  _ ARRESTMENT  FAILURE 

2  _ ENGINE  FAILURE 

3  _ FIRE  OR  EXPLOSION 

(C)  LATERAL  LOCATION  (D)  DIRECTION  FACING  4 _ fuel  EXHAUSTION 

S _ WATER  IMPACT 

6_ _ DEPARTED  PREPARED  SURFACE 

7  _ LOSS  OF  control 

8  _ MID-AIR  COLLISION 

9  _ STRUCTURAL  FAILURE 

10  _ IMPACT  WITH  GROUND  OR  STRUCTURE 

11  _ UNKNOWN  impact 

12  OTHER _ _ _ 


1  _ FORWARD 

2  _ AFT 

3_  SIDEWARD 
4  UNKNOWN 


1  _ CENTER 

2  _ LEFTSIDE 

3  _ RIGHT  SIDE 

4  _ UNKNOWN 

(E)  USE  OF  SEAT 

1  _ NOTIN  SEAT 

2  _ IN  SEAT 

3  _ BUNK 

4  UNKNOWN 


(2)  ESCAPE  METHOD 
(A)  BY  EJECTION 

1  _ ACCOMPLISHED 

2  INITIATED  (DID  NOT  CLEAR  COCKPIT) 

3  _ ATTEMPTED  BUT  INITIATION  FAILED 

4  _ ATTEMPTED  BUT  SEQUENCING  FAILED 

5  INADVERTENT  EJECTION 

6  _ UNDERWATER  EJECTION 

7  _ UNKNOWN  IF  ATTEMPT  WAS  MADE 

8  SUSPECTED  EJECTION 

g _ DEFINITELY  NOT  ATTEMPTED 

1 0  SEAT  EJECTED  ON  IMPACT 


(5)  EXIT  USED 


(B)  BY  BAILOUT 

1  _ ACCOMPLISHED  (FREE  OF  AIRCRAFT) 

2  _ ATTEMPTED  (NOT  ACCOMPLISHED) 

3  _ BAILED  OUT  AFTER  EJECTION 

ATTEMPT  FAILED 

4  _ UNKNOWN  IF  ATTEMPT  WAS  MADE 

5  _ SUSPECTED  BAILOUT 

6  _ DEFINITELY  NOT  ATTEMPTED 

(C)  BY  OTHER  MEANS 

1  _ EMERGENCY  GROUND  EGRE  iS 

2  _ UNDERWATER  EGRESS  (NOT  EJECTION) 

3  _ DID  NOT  ESCAPE 

4  _ EXIT  UNASSISTED  (OTHER  THAN  #1) 

5  _ CARRIED/ASSISTED  OUT 

6  _ BLOWN/THROWN  OUT 

7  _ JUMPED/FELL  FROM  AIRCRAFT  IN  FLIGHT 

8  _ UNKNOWN  IF  ESCAPE  ACCOMPLISHED 

9  ESCAPE  METHOD  UNKNOWN 


1  _ .40RMALEXIT 

2  _ EMERGENCY  EXIT 

3  _ EXIT  THROUGH  CANOPY 

4  _ NORMAL  EJECTION 

5  _ UNKNOWN 

6  _ OTHER _ 

(6)  DEIJVY  IN  INITIATING  ESCAPE  DUE  TO; 

(MARK  ALL  THAT  APPLY.  SEOUENCE  BY  NUMBER) 

t  _  ADVERSE  AIRCRAFT  ATTfrUDE 

2  _ ADVERSE  BOOY  POSITION 

3  _ ATTEMPTING  TO  OVERCOME  PROBLEM 

4  _ avoiding  POPULATED  AREAS 

5  _ AVOIDING  UNSUITABLE  TERRAIN 

6  _ EXCESSIVE  airspeed 

7  _ E  XCESSIVE  A  .TITUDE 

8  _ INSUFFICIEI.r  ALTnxiDE 

9  _ UNKNOWN 

1C _ NONE 

11 _ OTHE  R _ 

(7)  WAS  DELAY  IN  INITIATING  ESCAPE: 


APPROPRIATE 
EXCESSIVE 
UNKNOWN 
O  HER 


(8)  TIME  FROM  ONSET  OF  EMERGENCY  UNTIL 
ESCAPE  ATTEMPT  INITIATED. 


HOURS 

MINUTES 

SECONDS 


(9)  CIXKPIT  CONDITION  ARER  IMPACT 

1  _ NO  DAMAGE 

2  _ MINOR  DAMAGE  (DEFINITELY  HABITABLE) 

3  _ INTACT  (PROBABLY  HABITABLE) 

4  _ MAJOR  DAMAGE  (PROBABLY  NOT  HABITABLE) 

5  _ DESTROYED  (DEFINITELY  NOT  HABITABLE) 

6  _ UNKNOWN 

7  AIRCRAR  ABANDONED  IN-FLIGHT 


CREW  POSITtONA’ASSENGER 
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I  18.  EJtCTJON  HANDLE  FAILED  TO  ACTIVATE  SEAT 


19.  EJECTION  HANDLE  PflOeiEM  (Locatinn^  fleach-r-g.  cfc.) 


20,  FACE  CURTAIN  FAILED  TO  ACTIVATE 


21,  FACECURTAlNPnOfiLEMfLocatinq.  Reacn.ng.  etc.) 
'  22.  FAILURE  OF  LAP  ^LT 


Zi  failure  TORGLEASECANOPv/HArCH 


24,  FiRE/ SMOKE /FU^ES 


5,  FLAILING -LOV/ER  EXTREMITIES 


28.  HAI^P£REOeYCLOTHI^■G 


20,  HAMPERED  BY  EQUIPMENT /incIcd-ngBoCyAfmcf) 


'  20  HAMPERED  BY  INJURIES 


1  31.  INADVERTENT  OPENING  CF  lap  BELY 


32,  INDIVIDUAL  STRUCK  BY  OTHER  EGUlPMEN 


33  JNRUSHING  WATER 


I  34.  LIFE  SUPPORT  EQUIPMENT  FACTOR  ^Noi  har.g  up) 


38  PARACHUTE  LiNc  OVER  /  INVERSON  /  SEMI  INVERSION 


39  PARACHUTE  RISER  INTPRFuRCNCE 


I  40  PERSOai  entangled  IN  RAFT  LANvaRO 


P.NNEO  IN  AjPCPAFT  »,Noi  eqLQrPi'Pi  r.nrf*  uo) 


.14  SEAT  KAIED  TOriF.E 


I  45,  seat  left  IN  SAFCDCC'NDITION 


I  46  SEAT  SEPARAIIOTiOll  FiCULTY 


1  47,  SEAT /PARACHUIF  CNTANGLCVFNT 


I  48  SEAT  ;  PERSON  COLLlSOfJ 


49  STRUCK  EXTERIOR  SURFACE  Cl  AiRCRAfT 


)  TUVTULiNG  /  SPINNING  {Person  and  /  or  so.ni> 


I  UNAUTHORt.^ED  EOUirVENT  (Or  mod.ftcaiior  oi) 


I  52  UNCONSOGUS- DAJfcD 


3.1  UPPERF.xrREMfTfESMITCOCKPIT  STRUCTURES 


'Cmef  Excrr.ples:  ENVIRONMENTAL  SENSOR  FAILED.  DROGUE  CANOPY  OPERATED  IN  MODE  ONE.  ETC. 

I  pCREVV  POSITION-^SSENGER  LAST  NAME  SSAN  MISHAPDATE 

>  ' 
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4.  d.  EJECTION  PARAMETERS 

(1)  BODY  POSITION  AT  EJECTION 


1  Optimal 

(a)Head 

(b)Pelvis 

(c)Feet 

(d]Arms 

2  Forward 

3  UcMvard 

4  Lateral 

5  Unknown 

(2)  WAS  THE  ZERO  DEUY  LANYARD  A  FACTOR? 

yes _ NO _  If  YES  explain  in  narraliva. 


(3)  ORDER  OF  ESCAPE  f>_ 


OF 


{i)  NUMBER  OF  PREVIOUS  EJECTIONS _ 

(5j  MODE  OF  SEAT  OPERATION _ (ACES  II  ONLY) 

(6)  REMOVAL  OF  AIRCRAFT  CANOPY 

(^Aafk  all  that  apply) 

1  _ Intentional 

2  _ Unintentional 

3  _ Unknown  if  intended 

4  _ By  this  indrxiduai 

5  _ By  another  individual 

6  _ By  unknown  moans 

7  _ Definitely  attempted 

8  _ Not  attempted 

9  _ Unknown  if  aPemptad 

to _ Successful 

11 _ Unsuccessful 

I  '  i_ _ Using  automatic  sequence 

j  13 _ Using  manual  release 

1  1 4 _ Due  to  external  force  (explain) _ 

j  li _ Cue  IQ  other  method  (explain) _ 

16 _ Hinge 'allure 

i  (7)  POSITION  OF  EJECTION  SEAT 

;  1 _ Full  up 

'  Z _ r  L"l  down 

(  3 _  Full  forward 

i  4 _ I  Full  aft 

I  5 _ Irtermeiiiale  ccsiiion 

•  6  Unknown 


1  ■;  METI-OO  OF  MAM  / SEaT  SEPARATION 
l_  Dirt  not  sec araie 

2  _ Ai  ’.crave  t.-.s  desicnc-d) 

3  _ Manual  c/ernoe 

4  _ Olher  (axpiair,) _ 

■  '.(ETHCD  OF  EJECTION  INITIATION 

1  _ Arm  rest 

2  _ Far4?  curU'n 

3  _ Lower  ojecacn  hard'e 

4  _ Command  soquenco 

5  _ 'nipact 

6  _ Fra 

7  _ Mechanical  lailura 

8  _ Exlemal  force  (explain) _ 

9  _ Unknown 

0,  AUTOMATIC  LAP  BELT  RELEASE 

1 _ Old  riot  open  or  reioase 

? _ Released  auie  naljcaily  as  tkisigncd 

3  _ Cpened  iTianually 

4  _ Opened  inadvertently 

5  _ Not  connected 

5 _ Unkno>wn  how  released 

7 _ 'Unknown  if  released _ 


(11)  AIRCRAFT  PARAMETERS  AT  TIME  OF  ESCAPE 
(Either  Inflight  or  alter  crash,  ditching,  etc.) 

Enter  numeric  value  or  OC  lo  mark  condition. 


1.  Altitude _ 

2.  Airspeed _ 

3.  Ground  speed , 

4.  Sink  rate _ 

5.  Nose  up _ 

6.  Nose  down _ 

7.  Right  bank _ 

8.  Left  bank _ 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 


,  Invenea 
_  Nose  down  spin 
.  Rat  spin 
.Oscillating  spin 
.  Tumbling 
.  Mushirg 
.  Dtsimegraling 
.  Rolling 

.Other _ 

Unknown 


(ft  AGL) 

_ KIAS 

_ KNOTS  (if  not  airborne) 

_  (It  /  min) 


19.  Rate  cf  roll _ 

20.  Rate  'sf  pilch . 

21.  Rata  of  yaw. 


'/see 
" sec 
•  /  sec 


22.  G  Forces:  (estimated) 

23.  !.n  Ejection  anvs  epe  ?  YES . 


MO 


24.  Balovr  Minimum  Safe  Parachute  Altitude? 

YES _ NO 


.UNK_ 

UN'i< 


4.  e.  PARACHUTE  DESCENT  DATA 

COMF'.ETE  THIS  SECTION  ONI  v 
IF  A  PARACHUTE  DESCENT  OCCURRED 


(1)  GENERAL  DATA 

Terrain  clearanca  at  lime  of  parachute  opening^ 

Number  cl  previous  pa.'achute  descents _ 

Total  weight  under  parachula _ 

Surface  winds  (magr.et;c.kr,oIs) . _ 

Dragged  by  chute?  _ YES 

Distance  dragged  in  YARDS  _ 

Time  dragged  in  SECONDS _ 

AFSEAWAR3  INSTALLED? 


.(AGL) 


NO 


UNK 


YES 


NO 


UNK 


(2)  METHOD  OF  DEPLOYi.NG  PARACHUTE 


Not  deployed 
Automatic  Main 
Manual  Main 
Automatic  Reserve 
Manual  Reser/e 
Unknown 
Other 


[(3)  PARACHUTE  OPENING  SHOCK 

1  _  Negigible 

2  _  Moderate 

3  _  Severe 

4  Unknown 


EW  POSITION/P AG3EMGER 
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(4)  SEQUENCE  OF  ACTIONS  ACCOMPLISHED 

(Number  in  order  only  i  used) 

BEFORE  AFTER 
LANDING  LANDING 

1  Helmet  visor  raised _ 

2  Oxygen  mask  released-Manual _ 

3  Oxygen  mask  released-Aulomatic _ 

4  Lile  presen/er  Aclualed-Manual _ 

5  Ulc  preserver  Actuated-Aulomalic _ 

6  Survival  kit  deployed-Manual _ 

7  Survival  kit  depk^od-Automalic _ 

8  Foor-Hne  release  pulled _ 

9  Lile  rail  actualed-Manual _ 

1 0  Lile  raft  acluaterJ-Aulomalic _ 

1 1  Canopy  releases  actuated-Manual _ 

1 2  Canopy  releases  actualed-Automalic _ 

1 3  Helmet  removed _ 

14  Gloves  removed _ 

1 5  Closed  canopy  releases _ 

16  Boarded  lile  raft _ 

17  Oiftor  _  _ _ 

(5)  OSCILLATIONS  DURING  DESCENT 

(Use  codes;  N  a  Negligible,  M  -  Moderate. 

S  <  Severe.  U  >  Unknown) 

1  _  Belore  4-line  release 

2  _  After  4-line  release 

3  _ Without  4-lina  release 

4  _  Increased  by  survival  kit  deployment 

(6)  PARACHUTE  LANDING  TECHNIQUES 

(Indicate  all  that  apply) 

1  _ Could  not  see 

2  _  Looking  at  horizon 

3  _  Looking  down 

4  _  Proper  PLF 

5  _  Fell  backward 


(10)  -TERRAIN  OF  PARACHUTE  LANDING 
(Inrlicate  all  that  apply) 

1  _ Deep  snow 

2  _ Der^woods 

3  _ Hard  ground 

4  _ In  bees 

5  _ Through  trees 

6  _ Lake 

7  _ Marsh/Swamp/Mud 

8  _ River 

9  _ Rocks 

10  _ Runway  ovemrn 

11  _ Saa/Ocean 

12  _ Soft  ground 

13  _ Steep  slopes 

14  _  Structure 

15  _  In/near  power  lines 

16  _  Unknown 

17  _ C3lher 


5.  SURVIVAL  AND  RESCUE  DATA 

a.  GENERAL  AND  NOTIFICATION  DATA 

(1)  time  SEQUENCE  OF  EVENTS 

INDICATE  TOTAL  TIME  IN  DAYS,  HOURS,  AND  MINUTES 

Total  lime  from  mishap  to  rescue  completed  (Individual  aboard 

rescue  vehicle  or  abandoned) _ 

Total  time  from  rescue  nolificadon  to  rescue  completed _ 


Time  spent  in  the  water  wiffiout  raft 
Tima  spent  in  lile  raft _ 


1  6 _  Fell  lorward 

I  7 _  Muscles  tensed 

8 _  Muscles  loo  tense 

i  9 _  Knees  together 

10 _  Proper  arm  position 

tl _ Other _ 

(7)  parachute  DAMAGE 

(Indicate  Number) 

1  _ Severed  suspension  lines 

2  _ Torn  paoels-minor 

3  _ Tom  panels  major 

4  _ Missing  pa.'els 

5  _ TwLsted  Risers 

6  _ Other 

(3)  CAUSE  OF  PARACHUTE  DAMAGE 

1  _ Dragging  after  PLF 

2  _ Fire.'Thermal 

3  _ Fouled  cn  aircraft 

4  _ Fouled  on  ejection  scat 

5  _ Landing 

6  _ Opening  Shock 

7  _ Trees 

8  _ Chemical 

9  _ Unknown 

10  _ Other _ 

(9)  DIRECTION  FACED  AT  PARACHUTE  LANDING 
j  COMPARED  TO  DESCENT  TRAVEL  DIRECTION 

1 _ Directly  lacing 

I  2 _  Oireclly  sideways 

3  Backward  lacing 

4  _ Ouarlering  Towards 

5  _  Quararing  Away 

1  6 _ Unknown 

CREW  POSITtON/PASSENGER  |  LAST  NAME 


Total  search  and  rescue  dme _ 

Did  injuries  or  death  result  from  delayed  SAR  effort? 

YES _  NO _ (Explain  in  narrative) 

SAR  Report  Attached  YES _  NO _ 

(2)  UNITS/VEHICLES  THAT  PARTICIPATED  IN  RESCUE 

(a)  PRIMARY  RESCUE  VEHICLE 

Type  rescue  vehicle _ Unit _ 

Experienced  problems?  YES _ NO _ 

Nautical  miles  from  departure  base  to  rescue  site _ 

(b)  ASSIST  VEHICLEjS) 

(1)  Number  ol  other  rescue  vehicles  used. _ 

(2)  Type  vehicle _ Unit _ 

Experienced  problems?  YES _ NO _ 

(3)  Type  vehicle _ Unit _ 

Experienced  prcblems?  YES _ NO _ 

(4)  Type  vehicle _ Unit _ 

Experienced  problems?  YES _ NO _ 

(3)  WEATHER  CONDITIONS  AT  TIME  OF  RESCUE 

1  _ Clear 

2  _ Fog 

3  _ Hail 

4  _ Overcast 

5  _ Rain 

6  _ Snow 

7  _ Thunderstorms 

8  _ Surface  winds  _ ^knols/ _  “ 

10  _ Visibility  (miles) _  Ceiling  (ft) _ 

11  _ TemperaSjre  in  degrees  F:  Water _ •  F  Air _ 

12  _ Wave  Height _ _  Feet  Wave  FreguerKy _ 

per  /  min. 

I  SSAN  I  MISHAP  DATE 
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(4)  ALERTING  COMMUNICATIONS  PROBLEMS 

1  _ Aircraft  radio/IFF  Inoperative 

2  _ Incompatible  radio  frequencies 

3  _ Language  problems 

4  _ Poor  radk)  procedures 

5  _ Locater  Beacon  Malfunction 

6  _ Poor  radio  reception/lrans 

7  _ Telephotre  busy/INOP 

8  _ Poor  message  reception 

9  _ Norre 

to _ Other _ 

(5)  RESCUE  ALERTING  MEANS 
(Number  in  sequence) 

1  _ Airborne  radro  relay 

2  _ Crash  phone 

3  _ Other  phone 

4  _ Loss  of  radio  contact 

5  _ Overdue  report 

6  _ Loss  of  FIADAR  surveillance 

7  _ Radio  MAYDAY  call 

8  _ Smoko/Fire/Crash  report 

9  _ Survival  radio 

to _ Other  ratio  report 

1 1  _ Satellite  report 

12  _ Survival  locater  beacon 

13  _ Survivor  report 

14  _ Visual  sigrral 

15  _ Witnessed 

IS _ Other 

(6)  DELAYS  IN  DEPARTURE  OF  RESCUE  VEHICLES 

1  _ Communications  INOP 

2  _ Completing  previous  mission 

3  _ Crow  rtol  available 

4  _ No  crash  site  information 

5  _ Operator  not  available 

6  _ Vehicle  not  ready 

7  _ Adverse  Weather 

8  _ Other _ 

9  _ Norte 

(7)  RESCUE  VEHICLE  PROBLEMS  ENROUTE 

1  _ Unforecast  Headwind 

2  _ High  sea  state 

3  _ Mechanical  problems 

4  _ Nature  of  terrain 

5  _ Other  Obstructions 

6  _ Low/Poor  visibility 

7  _ Rescuers  lost 

8  _ Adverse  Weather 

9  _ Low  coiling 

to  None 

1 1 _ Other _ 

b.  SURVIVAL  AND  RESCUE  DIFFICULTIES 

(1)  PROBLEMS  LOCATING  SURVIVOR 

1  _ Darkness 

2  _ Fog/Clouds 

3  _ Heavy  seas 

4  _ Trees 

5  _ Precipitation 

6  _ Radte  interference 

7  _ None 

8  Could  rtol  visually  distinguish  survivor  from  terrain 

9  _ Inadequate/Improper  search 

to _ Lack  of  correct  inlormalion  on  survivor  location 

1 1  _ Loss  of  radio/Radar  contact 

1 2  _ MalfurKtion  of  Direction  Finding  equipment 

13  _ Survivor  lailod  /  unable  to  use  signaling  equipment 

14  _ Survivor  Improperly  used  signaling  equipment 

15  Other _ 


(2)  PROBLEMS  THAT  COMPLICATED  RESCUE  OPERATIONS 

1  _ Communication 

2  _ Darleiess 

3  _ Entrapment  in  aircraft 

4  _ Equipment  FaJure 

5  _ FireAExplosion 

6  _ SlOMied-  by  heteopter  downwash 

7  _ Weather 

8  _ Not» 

9  _ Hampered  by  personal  equipment 

10  _ tnadeqqacy  /  Lack  of  med^  equipment 

1 1  _ Inadequacy !  Lack  of  rescue  equipment 

12  _ Inarfequacy  /  Lack  of  rescue  personnel  training 

13  _ Inadequacy  /  Lack  of  rescue  vehicle 

14  _ Panic  /  Inappropriate  actions  of  survivor 

15  _ Topography  •  Rough  seas.  mins.  etc. 

16  _ Survivor  dragged  /  entangled  with  parachute 

17  Other _ 


(3)  LOCATOR  MEANS 

1  Dve  marker 

2  _ Flare-hand  held 

3  _ Flashlight 

4  _ ^Gunfire 

5  Mtior 

6  _ Parachute 

7  _ Radar  chaff 

8  _ ^Signal  wand 

9___Sonar  buoy 
to  Sirobe  fight 

1 1  _ Survr/al  radio 

12  Tracers 

13  _ Very  pistol 

14  _ Voice 

15  Whistle 


( Number  in  sequence ) 

16  _ Aircraft  radio  after  mishap 

17  _ Fire/Smoke/Smoke  flare 

18  _ Flare  -  pen  gun  type 

19  _ Rightsuit/Helmet 

20  _ Individual  located  without  aid  of  signals 

21  _ Mishap  observed 

22  _ Mishap  site  located  without  signals 

23  Other  aircraft  directed  rescue  personnel 

24  _ Personnel  locater  beacon 

25  _ Radio  or  radar  vector  or  DF  steer 

26  _ Raft/VesVPoncho 

27  _ Signalfbuilt  by  survivor.llre  .markings  .etc.) 

28  _ Survivor  located  rescuers 

29  Walkie-Talkie  or  olher  FM  radio 

30  _ ^Olher  _ 


(4)  INDIVIDUAL  SURVIVAL  PROBLEMS  ENCOUNTERED 

1  _ Darkness  9 _ Conlused/OaiedlDisoriented 

2  _ Exposure  10 _ Entanglement  (Not  parachute) 

3  _ Fatiguo  11 _ Inadectuaie  cold  weather  gear 

4  _ Injured  1 2 _ Inadequate  flotation  gear 

5  _ Thirst  1 3 _ Lack  of  signalling  equipment 

6  _ Topography  14 _ Lack  of  other  equipment 

7  _ Weather  1 5 _ Unfamiliar  with  procedures/equip. 

8  _ None  16 _ Other _ 

(5)  RESCUE  EQUIPMENT  USED  (Number  in  sequence) 

1  _ Basket 

2  _ Ladder 

3  _ Ufe  Ring 

4  _ Raft 

5  _ R^ 

6  _ Sing 

7  _ Stretcher 

8  _ First  aid  equipment 

9  _ Helicopter  platform 

to _ Helicopter  rescue  boom 

1 1  _ Knife/AxerSaw 

12  _ Make  shift  carrier  support 

13  _ Tree  ponetrator  seat 

14  _ Horse  collar 

15  _ Other _ 

(6)  FACTORS  THAT  AIDED  RESCUETRECOVERY 

1  _ Aircraft  emergency  escape  system/design 

2  _ Availability  of  rescue  equipment 

3  _ Coordirration  of  rescue  efforts 

4  _ Personal  equipmeni  releases/acluators 

5  _ Rescue  personnel  training 

6  _ Rescue  procedures/  pre-accident  plans 

7  _ Suitabilily  of  equipmeni 

8  _ Survivor’s  techniques 

9  _ Training  of  sunrhror 

10 _ Other _ 
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(7)  INDIVlDU.4fS  PHYSICAL  CONDITION 

Times;  Alter  MIshap^AM,  During  Rescue<OR.  After  Rescue:^ AR 
_ _  TIMES  AM _ DR  AR 

1  Fully  lufictional _ 

2  Partially  lunclional _ 

3  Immobile/unconscious _ 

4  Fatal _ ^ _ 

5  Unknown  /  Lost _ 


6.  TRAINING 

a.  EJECTION  SEAT/PARACHUTE  TRAINING 

(Required  lor  those  who  used  an  ejection  seal/capsuli  i  or  made  a 
parachute  descent  and  landing) 

IF  DATES  UNKNOWN  /  NOT  AVAILABLE.  WAS  TRAINING  EVER 
CeWPLETED’  Y=YES.  N=NO,  U=UNKNOWN 

DATE  OF  LAST  TNG  I  VALUE  OF  TNG 


(month/'/ear) 


(use  codes) 


UNARMED  EJECTION  SEAT _ 

ARMED  SEAT  ON  TOWER _ 

PARASAIL(LAND) _ 

PARASAIL  (WATER) _ 

JUMP  SCHOOL _ 

OTHER  _ _ 

b.  SURVIVAL  TRAINING 

WATER _ _ 

LAND _ 

JUNGLE  _ _ _ _ I 

ARCTIC _ 

COMBAT _ 

OTHER (  _ _ 

c.  PHYSIOLOGICAL  TRAINING 

CENTRIFUGE  TNG _ _ 

PHYSIOLOGICAL  TRAINING _ _ 

SPATIAL  DISORIENTATION  TNG _ 

EGRESS  _ 

OTHER  _ 

VALUE  CODES 

0  =  No  Importance;  1  »  Oel.nitely  helped;2  •=  Possibly  helped; 

3  =  Lack  o(  training  possible  lacior;  4  -  Lack  ol  training  definite 
Iscicr;  5  ■■  Unknown 


7.  REPORT  DOCUMENTATION 

a.  FLIGHT  SURGEON 

Marr^  and  Grade 

I 

i 

I _ _ _ _ _ _ 

6;;ly  Station 

Did  your  training  help  you  complete  the  investigation? 


b.  LIFE  SUPPORT  OFRCER 
Name  and  Grade 

Duty  Station 

Did  your  life  support  training  help  you  complete  the 
investigation? _ YES _ NO  (  Explain  in  narrative ) 

Date  of  report _ 

I 

Aulovon  Phone  _  I 

NUMBER  of  PREVIOUS  INVESTIGATIONS _  1 

Signature _  ! 

c.  OTHER  LIFE  SCIENCE  CONSULTANTS 

Name  and  Grade  _ : 

Duty  Station _ I 

Phone  (AV  or  Comm.^  _ ; 

Name  and  Grade _ I 

Duty  Station _ ! 

Phone  (AV  or  Com.Ti.) _ _  ; 

i 

8.  NARRATIVE  INSTRUCTIONS  j 

I 

The  life  eclance.i  narritive  Is  used  to  describe  the  | 

clrcumstancee  eurrounding  the  mishap.  Evaluate  the  i 

person  lor  his/her  72  hour  history  and  their  14  day  life  | 

aiyle.  Clacutt  job  preaturet,  fatigue,  physical  stale  or  | 
stale  ol  menial,  or  emotional  exhaustion.  Explain  duly 
days,  non  flying  duties,  workload,  PME  end  advanced 
degree  work.  ' 

Infurles  Incurred  and  iheir  causes  must  be  discussed.  I 

Human  faclots  Involved  must  be  discussed.  Pay  close 
attention  to  the  factors  previously  idenlilied  as  coniribuling 
lo  the  mishap. 

Life  support  equipment  and  any  design  deficiencies  must  be 
discussed. 

Identify  egreee  /  ejecllon  paramelere  end  any  associated 
conditions. 

Survival  and  Rescue  must  be  discussed  especially  If  there  1 
Is  s  FATALITY. 

FINDINGS  need  to  be  derived  from  your  deliberations  and  ! 
lads.  j 


VPR  wn  rF.nlaininnarnlivn)  Make  RECOMMENDATIONS  based  on  the  FINDINGS  and 

YES - NO - (  Explain  in  narrative  )  , .commend  an  OPR. 


pale  ol  report 


Aulovon  Phone _ _ _ 

NUMBER  of  PREVIOUS  INVESTIGATIONS 


iSiqnature 


Phew  fosition/passenger 


LAST  NAME 


Conclusions  must  support  the  findings  ol  the  mishap  board. 

9  SUMMARY  INSTRUCTIONS 

When  your  ntrrallve  Is  completed  writ*  a  summary  of  it  that 
does  not  exceed  99  lines.  This  summary  will  be  entered  in 
the  computer  at  Iht  human  factors  summary. 
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THE  HUMAN  FACTOR  PROBLEM  IN  THE  CANADIAN  FORCES  AVIATION 

by 

Colonel  J.F.  David 

Directorate  of  Flight  Safety.  Canadian  Forces 
305  Rideau  Street.  Constitution  Building  8/FL 
NDHO  Ottawa.  Ontario.  Canada  K 1 A  ()K2 


Fifty  years  ago,  the  Air  Investigation 
Branch  in  the  UK  recognized  the  enigma 
of  dealing  with  Human  Factor  Errors. 
Quote: 

‘Most  aircraft  accidents  are  due  to  ‘Human 
FactOTs’  but  the  failure  is  not  necessarily 
solely  that  of  the  person  involved  in  the 
accident  It  may  be  due  to  errors  or 
omissions  in  training,  to  faulty  design, 
maintenance  or  to  poor  organization . 
While  it  is  usually  possible  to  decide  with 
fair  certainty  when  a  mechanical  failure 
occurs,  the  human  factors  are  often 
obscure.  There  is  a  tendency  only  to  look 
fcv  a  cause  and  for  sufficient  evidence  to 
show  whether  cm*  not  the  pilot  was  to 
blame  luu  if  all  the  factors  which  led  to 
the  accident  are  to  be  brought  out  a  much 
more  through  survey  is  necessary.” 

Today,  fifty  years  later,  how  far  have  we 
come  in  advancing  the  analysis  of  human 
factor  errors  in  aircraft  accidents/ 
incidents?  What  have  we  done  on  a  world¬ 
wide  basis  to  establish  a  meaningful  human 
factor  data  base  that  can  be  used  for 
preventitHi  of  aviation  losses?  Hie  answer 
is  very  simply  very  little. 

In  the  Canadian  Ftxces,  we  have  come  a 
long  way  towards  reducing  aircraft  losses 
(Fig.  1)  through  a  very  diorough  causal 
andysis  system  and  this  ha.s  translated  into 
further  reductions  in  our  nninOT  incidents/ 
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aircraft  accident  rates 
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damages  as  well.  But  throughout  this 


evolution,  the  human  factor  error  has 
consistently  contributed  to  more  than  83% 
of  our  losses.  If  we  are  to  maintain  this 
low  plateau  of  losses  today  and/or  further 
reduce  our  attrition,  greater  investment 
must  be  made  in  reducing  the  human 
factor  errors.  This  cannot  be  done 
without  a  more  detailed  investigation  into 
this  area  of  concern  and  the  development 
of  a  very  detailed  human  factor  error  data 
bank.  Hiis  data  bank  must  necessarily 
cover  all  aspects  of  the  life  sciences 
(psychological,  sociological,  physiological) 
etc. 

Quality  of  life  issues  and  stress  play  an 
important  role  in  our  daily  business.  Is  it 
possible  to  objectively  assess  these 
ccHicems?  We  all  know  stress  affects  us 
but  how  can  we  assess  its  impact  on 
aircraft  accidents?  Is  there  a  way  of  n(M 
corntn-omising  confidential  medical 
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information  in  the  formation  of  an 
unclassified  interaatiraial  or  national 
human  factor  errtM-  data  base?  This  paper 
is  not  intended  to  answer  these  questions 
but  to  reintroduce  the  dimension  of  the 
prc^lem  and  the  requirement  fw  AGARD 
and  the  International  community  to  work 
towards  developing  a  human  facttM*  data 
base  that  is  accessible  and  available  for 
developing  {H’evention  programmes.  As  I 
see  it,  ancrth^  SO  years  is  too  long  to  wait. 

I  would  like  to  share  with  you  a  10-year 
analysis  of  human  factor  errors  in  the 
Canadian  Air  Force  and  hopefully  show 
you  where  efforts  should  be  concentrated 
to  reduce  human  error. 

The  first  slide  is  a  10- year  analysis  of  our 
air  accident  cause  factors  (Fig.  2).  Clearly, 
close  to  83%  of  our  air  accidents  were 
related  to  personnel  failings.  It  could  also 
be  argued  perhaps  that  50%  of  the 
remaining  items,  such  as  materiel, 
environment,  undetermined,  and  fod, 
were  personnel  related.  For  example,  did 
the  materiel  fail  because  of  human 
engineering  (n-oblems  or  design  problems? 
Did  the  foreign  object  damage  (FOD)  to 
the  engine  come  as  a  result  of  somebody 
leaving  a  bolt  or  nut  in  the  intake,  or  on 
the  ranq),  or  taxi  area? 

AIR  ACCIDENT 
CAUSE  FACTORS 

1982  -  1991 


The  next  slide  covers  a  10-year  analysis  of 
our  ground  accidents  (Fig.  3);  and 
interestingly,  close  to  84%  of  the  causes 
were  directly  related  to  personnel  errors. 
Similar  arguments  as  for  the  previous 
slide  can  be  made  for  personnel 
involvement  in  the  “other”  areas  described 
on  the  slide. 

GROUND  ACCIDENT 
CAUSE  FACTORS 
1982  -  1991 


Fig.  3 

Next,  I  would  like  to  review  all  our 
ground  and  air  occurrences  that  involved 
personnel  error  over  the  previous  10 
years  and  show  where  the  major  failings 
occurred.  Fig.  4  shows  the  four  majtMr 
contributors:  Flight  Crew,  Support 
Personnel,  Management  and  Supervisors. 
Interestingly,  management  failings  remain 
fairly  constant  for  both  air  and  ground 
occurrences,  the  other  three  vary 
considerably.  In  the  case  of  air 
occurrences  (Fig.  S),  the  flight  crew 
percentage  is  quite  high,  support  personnel 
second  and  management  and  supervision 
still  play  a  significant  role.  In  the  air,  we 
would  expect  the  flight  crew  errors  to  be 
high;  obviously,  because  they  are  the  ones 
who  are  flying  the  aircraft  and  have  the 
greatest  opportunity  to  make  an  error.  In 
the  case  of  ground  occurrences  (Fig.  6),  we 
would  expect  support  personnel  to  have 
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the  higher  error  rate  as  they  are  the  ones 
most  vulnerable  and,  the  statistics  supptut 
this.  Although  the  overall  supervisory 
error  (Fig.  4)  was  apfn'oximately  10%,  it 
rei^esented  only  6%  of  the  personnel 
error  in  air  occurrences  and  close  to  19% 
in  ground  occurrences  (i.e.  3  times 
greater). 


PERSONNEL  CAUSE  PACTORS 
AIR  AND  GROUND  OCCURRENCES 
1062  -  1001 
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PERSONNEL  CAUSE  FACTORS 
AIR  OCCURRENCES 
1002  -  1001 
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PERSONNEL  CAUSE  PACTORS 
GROUND  OCCURRENCES 
1082  -  1001 


Let’s  take  a  closer  look  at  the  4  areas  of 
concern  where  personnel  play  a  role  in 
contributing  to  accidents. 


Management  -  (LCol  and  above) 

Clearly  management’s  ability  to 
communicate  effectively  with  those  who 
support  them  would  appear  to  be  a  major 
problem  (44%)  in  air  occurrences  (Fig.  7). 
Judgement  and  resources  are  equally 
divided,  however  combined,  they 
represent  close  to  49%  of  the  management 
problems.  The  majority  of  these  involve 
decisions  on  where  money  should  be  spent, 
whether  or  not  resources  should  be  made 
available  in  a  timely  manner,  as  weU  as 
decisions  that  involve  delaying 
modifications  to  aircraft.  Obviously,  the 
timeliness  of  decisions  and  {n'ovision  of 
resources  play  an  imptnlant  role. 

In  the  case  of  ground  occurrences,  (Fig.  8) 
there  is  even  a  greater  management  info/ 
Communication  problem  with  the 
technicians  woiking  on  the  aircraft  (59% 
vice  44%).  Once  again,  lack  of  resources 
ccHitribute  significantly,  however, 
judgement  error  has  dropped  by  70%. 

The  show-stopper  message  to  management 
is  that  mtHiey  and  eff(»t  must  be  spent  in 
improving  basic  communicatitm 
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procedures,  i.e.  spend  on  the  greatest 
problem  area  first  especially  when  you 
cannot  provide  the  resources. 


lONAGElfENT  CAUSE  FACTORS 
AIR  OCCURRENCES 
1082  -  1001 
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Supervisor 

When  we  take  a  look  at  the  broad  base 
supervisory  level  from  LCol  to  MCpl,  it  is 
clear  that  inattention  is  a  major  failing.  In 
the  case  of  the  ground  occurrences,  (Fig.  9) 
inattention  and  judgement  are  major  areas 
of  concern  and  like  air  operations,  (Fig.  lO) 
carelessness  and  complacency  combine  to 
represent  close  to  20%  of  the  supervisory 
error. 

SUPERVISION  CAUSE  FACTORS 
GROUND  OCCURRENCES 
1082  -  1001 
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Flight  Crew 


Support  Personnel 


In  analyzing  flight  crew  error  (the  38% 
problem),  it  becomes  abundantly  clear  that 
inattention,  technique  and  judgement  are 
major  areas  of  error  in  air  occurrences 
(Fig.  11)  and  when  we  take  a  look  at  flight 
crew  cause  factors  in  ground  occurrences, 
(Fig.  12)  inattention  is  almost  double, 
judgement  is  increased,  and  technique  is 
reduced  by  more  than  75%.  Are  people 
bored  by  taxiing  the  aircraft?  Or  is  the 
task  considered  of  such  litde  importance 
by  flight  crews  that  the  attention  afforded 
is  truly  inappropriate  for  the  tasking? 


FUGBT  CREW  CAUSE  FACTORS 
AIR  OCCURRENCES 
1082  -  1001 


FUGBT  CREW  CAUSE  FACTORS 
GROUND  OCCURRENCES 
1082  -  1001 


Fig.  12 


When  we  look  at  the  support  personnel 
cause  factors  in  air  occurrences  (Fig.  13) , 
inattention  and  technique  are  the  major 
contributors.  When  we  look  at  the  ground 
occurrences  (Fig.  14) ,  for  the  same  group 
of  people,  inattention,  carelessness, 
technique  and  judgement  are  high. 

With  respect  to  the  overall  number  of 
mishaps,  both  for  on  the  ground  and  in  the 
air,  close  to  62%  of  the  human  error  is 
contributed  by  non-flight  crew.  This  is 
important  to  consider  in  developing 
preventative  measures;  however  one  must 
keep  in  mind  that  80%  of  the  big  dollar 
losses  are  associated  with  flight  crew 
error. 

SUPPORT  PERS  CAUSE  FACTORS 
AIR  OCCURRENCES 
1082  -  1001 


Fig.  13 


SUPPORT  PERS  CAUSE  FACTORS 
GROUND  OCCURRENCES 
1082  -  1001 


Fi»  U 


Importance  of  Air  Crew  Training 


In  1989,  the  Directorate  of  Flight  Safety 
CF  completed  an  analysis  of  aircraft  losses 
in  NATO  (Fig.  15)  and  superimposed  the 
annual  mean  flight  hours  invested  per  pilot 
(Fig.  16).  This  study  was  restricted  to 
European  based  operations  only,  where 
mission  taskings  and  environmental 
considerations  were  relatively  neutral  for 
all  air  forces.  As  figure  16  shows,  there 
would  appear  to  be  a  direct  relationship 
between  training  and  attrition.  The  better 
the  investment  in  training,  the  lower  the 
attrition  rate  (make  a  minimum  investment 
now  or  pay  larger  sums  later). 

Notwithstanding  this  relationship,  there 
appears  to  be  overwhelming  pressure  to 
r^uce  training  expenditures  as  part  of  the 
current  peace  dividend.  Therefore,  it 
makes  even  more  sense  today  to  try  and 
transfer  some  of  the  inevitable  “training 
savings”  into  human  factor  analysis  and 
monitoring  to  hopefully  reduce  the  human 
factor  errors  in  aviation  mishaps. 


NATO  AIR  PORCBS  (BUROPK) 
nOBTU  A/C  CVMVIATIVB  ATTKinON  KATBS 
a  JAN  ST  TO  a  ua  •• 


NATO  AIR  FORCES  (EUROPE) 
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Human  Factor  Checklists 

The  Canadian  Air  Force  developed  a 
human  factor  checklist  for  aircraft 
accident  investigation  over  forty  years 
ago.  It  has  been  the  basis  for  the 
development  of  similar  programmes  in 
ICAO  and  a  majority  of  NATO  air  forces. 
Despite  this  focussed  approach  to  human 
factor  errors,  we  have  never  created  a 
human  factor  data  base  and  have, 
therefore,  compromised  our  ability  to 
objectively  assess  the  “83%  problem”. 

The  USAF  has  recently  developed  a 
computerized  life  sciences  human  factor 
accident  investigation  programme  that  will 
establish  an  Aircrew  ^or  Data  Base  for 
air  accidents  only.  The  Transportation 
Safety  Board  of  Canada  have  tdso 
developed  a  generic  human  factor  data 
base  for  civil  occurrences  in  Canada  and  is 
currently  implementing  the  programn^. 
Nevertheless,  these  programmes  may  not 
yet  achieve  the  detail  necessary  to  track 
the  sociological  and  psychological  areas  of 
concern  that  we  know  play  an  important 
role  in  our  daily  efficiency  and  alertness 


which  in  turn  impact  directly  on 
inattention  and  complacency,  two  of  the 
major  contributors  to  aviation  losses. 

Summary 

Now  that  you  have  seen  the  statistics  and 
the  major  areas  of  human  enor,  what  and 
where  would  you  spend  resources  to 
prevent  mishaps?  Clearly,  inattention, 
technique,  communication,  judgement, 
carelessness  and  complacency  are  the 
major  failings.  Where  then  do  we  have  to 
concentrate  our  efforts  to  reduce  these 
problems?  I  believe  we  need  more 
emphasis  on  the  sociology,  (quality  of  life 
issues)  and  the  psychology  side  of  our 
business. 

In  my  opinion,  aviation  psychology  needs 
more  investment.  Furthermore,  we 
cannot  progress  effectively  in  this  area 
unless  an  extensive  human  factor  data  base 
is  developed  over  the  coming  decades.  A 
human  factor  data  base  will  allow  for 
meaningful  and  more  objective  assessment 
by  the  decision  makers  and  leaders. 


Major  E.A.  Brook 

Directorate  of  Flight  Safety,  Canadian  Forces 
NDHQ  Ottawa,  Ontario,  Canada  KIA  0K2 

Problems  in  Human  Factor  Data  Collection 

Human  Factors  are  acknowledged  as  the 
prime  cause  of  accidents  in  the  Canadian 
Forces  as  well  as  in  other  military  and 
civilian  flying  worldwide.  Although 
human  error  accounts  for  over  80%  of  all 
accidents  our  Directorate  of  Flight  Safety 
(DFS)  does  not  have  a  system  in  place  that 
can  adequately  manage  Human  Factors 
information.  A  recent  study  of  the 
Canadian  F-18  community  concluded  that 
the  current  aircraft  accident  database  is 
not  effective  in  facilitating  remedial  action 
on  Human  Factors  issues. 

The  Canadian  Forces  led  in  developing 
detailed  subordinate  cause  factors  and 
assigning  them  in  place  of  the  infamous 
term  "pilot  error".  A  finding  of 
judgement,  technique  or  inattention, 
however,  does  not  fully  explain  the 
circumstances  leading  up  to  an  accident 
nor  lead  to  effective  preventive  action. 

The  final  cause  factor  describes  what 
happiened  not  why.  Other  components,  for 
which  only  soft  evidence  exists,  such  as 
nutrition,  fatigue,  or  stress  are  left 
unrecorded.  To  study  these  problem  areas 
further  one  must  re-examine  the  original 
Boards  of  Inquiry  or  medical  reports. 
Essentially  this  means  doing  the 
investigation  twice.  We  clearly  need  to 
collect  Human  Factors  information  in  a 
better  and  more  meaningful  way. 

An  abundance  of  personal  information  is 
already  collected  during  accident 
investigations.  Most  of  this  is  currently 
non-retrieveable.  Investigators  use 
checklists  such  as  our  "Human  Fact(»% 


Guide  for  the  Conduct  of  Aircraft 
Accident  Investigation"  but  generally  no 
standardized  record  of  the  data  is  kept. 
The  report  often  does  not  include  the 
answers  to  all  questions,  especially  those 
not  considered  relevant  at  the  time.  This 
reveals  a  need  to  record  systematically  the 
pertinent  human  characteristics  of  all 
personnel  causally  involved  in 
occurrences.  The  record  should  be  as 
complete  as  possible  even  when  some 
information  does  not  seem  applicable  to 
that  particular  occurrence.  For  example 
to  refine  our  knowledge  of  how  acute 
fatigue  may  contribute  to  an  accident  it 
would  be  useful  to  know  the  quantity  and 
quality  of  both  rest  and  duty  time  for  all 
personnel  who  were  causally  involved  in 
sunilar  occurrences.  A  similar  case  could 
be  made  for  experience  measured  in  age, 
and  flying  hours.  Ideally  the  data  should 
be  available  from  all  aircrew,  and  not  just 
from  those  who  were  involved  in 
occurrences,  in  order  for  any  predictions 
or  assessment  of  risk  to  be  made. 

A  unified  collection  of  Human  Factors 
data  could  be  used  to  analyze  human  error 
and  perform  meta-analyses  of  all 
occurrence  reports.  Such  a  system  is 
essential  to  validate  or  refute  associations 
between  factors  like  vision,  tobacco  use, 
or  fatigue  and  flight  safety.  Research 
results  could  be  made  available  quickly  to 
aid  current  investigations,  and  assist 
development  for  new  aircraft  systems. 

Criteria  for  a  Human  Factors  Database 


An  effective  Human  Factors  database 
should  possess  the  following  properties. 
InfcHmation  need  be  entered  only  once,  at 
the  place  and  time  of  occurrence. 
Sub.>equently,  it  should  be  single  for 


authorized  personnel  to  validate  and 
correct  these  facts  .  Personal  data 
regarding  individuals  can  be  recorded 
either  in  a  narrative  format  or  in  tables 
relating  to  checklist  items  with  each 
record  linked  to  a  particular  occurrence 
record  in  the  main  accident/  incident 
database. 

The  system  should  be  user-friendly  and 
easy  to  learn  with  minimal  training. 

There  should  be  operator-defined  layouts 
for  data  entry  and  reporting.  In  Canada 
we  require  a  bilingu^  format  for  the  basic 
information.  Access  to  the  system  and  to 
sensitive  portions  such  as  the  Human 
Factors  area  should  be  controlled  by 
passwords.  Reports  should  be 
automatically  sterilized  of  privileged 
information.  Of  course  a  reliable  high 
speed  system  with  potential  for  expansion 
is  essential.  The  ability  to  use  a  Natural 
Language  Query  system  would  be  optimal 
for  searching  records.  Whatever  the 
format  of  a  Human  Factors  database  it 
should  be  capable  of  exchanging  useful 
information  with  the  systems  of  other 
military  and  civilian  air  safety 
OTganizations. 

Privacy  and  confidentiality  are  always  an 
issue  when  dealing  with  sensitive  personal 
details.  We  prefer  not  to  include  classified 
information  so  as  to  make  it  more  readily 
available.  If  the  identity  of  individuals 
remains  hidden  except  from  select 
authorized  users  (such  as  Human  Factors 
specialists)  then  privacy  concerns  should 
be  minimal. 

Design  of  a  Preliminary  Dataform 

Following  an  initial  meeting  held  last 
sunnaner  to  address  this  topic  in  the 
Canadian  Forces  a  draft  format  for 


recording  data  was  designed.  This  was 
revised  and  presented  at  our  annual  Flight 
Safety  conference  in  December  1991.  A 
two  page  form  was  introduced.  The  initial 
section  contained  a  cross-reference  to  the 
occurrence  and  individual  characteristics 
such  as  medical  category,  duty  times  and 
experience  levels.  The  second  section 
included  a  list  of  80  Human  Factors  which 
were  to  be  marked  as  present  or  absent. 
When  present  their  degree  of  contribution 
to  the  accident  could  be  ranked  from  zero 
(non-contributory)  to  3  (definitely  causal). 
Our  intention  is  use  this  tool  to  collect 
information  from  incidents  as  well  as 
accidents.  There  was  a  mixed  reception  to 
this  proposal  for  collecting  Human  Factors 
data.  Some  participants  felt  that  that 
completing  the  Human  Factors  data  form 
would  require  too  much  time  and  effort. 
We  plan  next  to  conduct  a  field  trial  to 
determine  the  actual  time  requirements. 

We  recognize  that  any  checklist  approach 
to  categorizing  Human  Factors  is 
somewhat  arbitrary  and  that  the  factors 
selected  will  be  of  use  only  if  there  is 
validity  and  consistency  in  their 
assignment.  A  longer  more 
comprehensive  list  was  thought  by  some  to 
be  easier  to  understand  and  complete.  The 
length  has  to  be  weighed  against  the  time 
available,  especially  for  an  instrument  that 
will  be  used  on  a  daily  basis  for  minor 
incidents.  A  glossary  should  be  included 
so  that  users  know  precisely  what  the 
terms  mean.  Another  limitation  is  that 
any  form  such  as  this  tends  to  be 
completed  subjectively  by  the  informants 
based  on  their  person^  knowledge  of  the 
individuals  concerned.  Many  operators 
were  also  wary  of  the  way  that  personal 
information  might  be  used.  The  issue  of 
privacy  remains  a  major  problem  in 
collecting  Human  Factors  information. 


The  perception  that  personal  matters 
divulged  by  an  individual  might  be  later 
linked  to  themselves  by  name  tends  to 
inhibit  candid  disclosure. 

Strategic  Information  Systems  Plan 

DFS  is  now  developing  a  Strategic 
Information  Systems  Plan  to  update  our 
accident/incident  database.  The  conceptual 
data  model  allows  for  the  inclusion  of 
Human  Factors  information  either  as 
defined  fields  or  simply  as  a  narrative  of 
up  to  120  pages  of  text  per  entry.  This 
plan  is  still  evolving  and  will  be  adapted 
further  following  feedback  from  the  flight 
safety  community.  An  alternative 
approach  might  also  be  supported  by  this 
infrastructure  —  that  of  a  (Confidential 
Reporting  System.  With  such  a  system 
persons  who  report  incidents  are  not 
required  to  identify  themselves  or  even  the 
aircraft  type  involved.  The  essential 
element  is  the  narrative  —  what  happened 
in  the  reporter’s  own  words.  The  formal 
reporting  system  omits  some  reportable 
incidents  when  no  damage  has  occurred. 
We  know  for  example  that  physiological 
problems  like  disorientation  and  G-LOC 
are  grossly  underreported.  Human  factors 
incidents  reported  through  a  separate 
confidential,  anonymous  system  could  still 
be  recorded  in  our  updated  database  as 
descriptive  narratives.  This  way  they 
would  be  available  for  analysis  and  the 
lessons  learned  could  be  promoted  by  the 
flight  safety  system  in  order  to  prevent 
further  occurrences. 
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SOHftRY 

This  paper  describes  recent  thinking  about  Accident 
Causation  Theor;,  accident  investigation  and  accident 
prevention.  The  central  notion  is  that  hman  error  as 
the  prinarr  cause  of  accident  causation,  prevales  at  all 
levels  in  any  coa()lex  organization  and  that  accidents 
are  caused  by  a  unique  network  of  factors,  generated  not 
only  by  unsafe  acts  of  front-line  operators,  but  also  by 
fallible  management  decisions  and  all  kinds  of  (psycho¬ 
logical)  preconditions  that  exist  in  the  <^>erations 
environment.  New  approaches  aiming  at  possibilities  of 
proactive  prevention  are  briefly  touched. 

BITRODDCTKW 

Since  the  beginning  of  aviation,  increasing  amounts  of 
human  energy  and  financial  resources  have  been  Invested 
and  are  still  being  invested  in  the  evidently  ever 
lasting  endeavour  of  technical  isprovement  of  aircraft 
and  aircraft  systems.  Parallel  with  this  develc^xnent,  a 
decreasing  contribution  of  purely  technical  causes  of 
aviation  accidents  and  incidents  can  be  observed.  Alt¬ 
hough  the  absolute  number  of  accidents  decreased  drama¬ 
tically  during  the  first  half  century  of  aviation,  it 
seems  to  be  increasingly  difficult  to  further  reduce 
accident  rates  by  more  than  just  very  marginal  percenta¬ 
ges.  Hhat  concerns  the  aviation  psyclwlogy  and  hman 
factors  coamunity  more  and  more  during  the  last  decade, 
is  the  resulting  emergence  of  human  error  as  the  primary 
factor  in  accident  causation.  It  is  important,  however, 
to  realize  that  in  modem  thinking  about  accident  causa¬ 
tion  more  eopbasis  is  laid  on  the  notion  that  hvman 
error  is  not  the  privilege  of  front-line  curators,  but 
that  it  is  also  an  equally  salient  feature  of  all  humans 
at  all  hierarchical  levels  of  any  cooplex  organization. 
Although  more  will  be  explained  about  this  further  on  in 
this  paper,  thinking  about  the  prevalence  of  hunan  error 
throughout  any  organisation  can  best  be  Illustrated  by 
quoting  from  Reason  (1990):". . .the  more  removed  indivi¬ 
duals  are  from. . .front-line  activities,  ...the  greater 
is  their  potential  danger  to  the  system." 

ACCIDENT  mVESTIGATlOH  HISTORY 

A  quick  overvie;'<  of  how  aircraft  accident  investigation 
developed  until  today,  reveals  the  following.  In  the 
early  days  a  heavy  enphasis  was  laid  on  the  technical 
investigation  and  only  when  the  investigating  team  could 
not  find  any  plausible  technical  cause,  it  was  concluded 
that  "pilot  error"  most  probably  had  caused  the  acci¬ 
dent.  At  best  it  was  described  in  the  accident  report 
WHAT  the  mishap  pilot  had  done  wrong  or  WHAT  critical 
item  he  omitted  thus  causing  the  accident.  It  was  not 
before  the  end  of  the  seventies  that  pecple  in  the 
aviation  organizations  slowly  began  to  realize  that 
prevention  of  accidents  could  only  be  possible  after 
having  answered  the  all  inportant  question  HHT  the  pilot 
made  that  particular  error  or  WHY  he  omitted  a  critical 
action.  To  answer  this  question,  however,  aviation 
psychologists  or  htann  factcM:  specialists  were  needed. 

So  human  factor  specialists  begm  to  play  an  increasing 
role  in  accident  investigation  teams,  although  this 


development  was  and,  to  some  extent,  still  is  hesitant 
in  some  types  of  organizaticai. 

RESULTS  OP  ACaDENT  INVESTIGATICai 

Till  today,  it  is  Standard  Operating  Procedure  (SOP)  to 
wait  till  an  accident  happens,  th«i  investigate  it  and  , 
if  ajplicable,  take  renewal  acticxi  in  order  to  prevent 
the  same  accident  from  b^penlng  again.  Necessarily  this 
is  a  purely  reactive  form  of  accid^t  prevention.  It  is 
also  normal  practice  that,  as  a  result  of  this  kind  of 
post  hoc  Investigations,  new  regulations  are  issued, 
another  warning  is  added,  a  procedure  will  be  changed, 
the  supervision  level  is  raised.  Also  new  DO's  and 
DON'T's  are  formulated  or  a  human-machine  interface, 
like  for  instance  a  cockpit  lay-out,  will  be  changed. 
Although  this  is  not  bad  practice,  thinking  about  acci¬ 
dent  Investigaticn  and  prevention  could  be  challenged 
by,  again,  quoting  from  Reason  (1990):". . .while  it  is 
sensible  to  learn  as  many  remedial  lessons  as  possible 
from  past  accidents,  it  must  also  be  appreciated  that 
such  events  are  usu^ly  caused  by  the  unique  conjunction 
of  several  necessary  but  singly  insufficient  factors. 
Since  the  same  mixture  of  causes  is  unlikely  to  recur, 
efforts  to  prevent  repetition  of  specific  active  errors 
will  have  only  limited  impact  on  the  safety  of  the 
system  as  a  tdiole." 

ACTIVE  FAILDRES 

In  quoting  from  Reason  the  concept  of  active  errors, 
also  called  active  failures,  was  introduced.  Figure  1 
gives  an  overview  of  the  most  recent  Accident  Causation 
Theory.  A  very  important  distinction  should  be  made 
between  active  and  latent  failures.  Active  failures  or 
unsafe  acts  are  actions  or  emissions  on  the  part  of  the 
front-line  operator  (pilot,  navigator,  airtraffic  con¬ 
troller  etc.)  that  directly  have  their  inadvertent 
effects  on  the  sequence  of  events  during  actual  operati¬ 
ons  and  that  in  most  cases  are  the  direct  causes  of 
accidents.  Examples  of  categories  of  unsafe  acts  are: 

•  Attentional  failures  like  intrusions,  omissions, 
reversals,  misorderings  and  mlstimings. 

•  HeoBry  failures  like  omitting  planned  items,  place¬ 
losing  and  forgetting  intentions. 

•  Failures  like  misdiagnosis,  misperception  of  hazards, 
corner  cutting  etc. 

LATENT  FAILURES 

On  the  other  hand  (figure  1),  latent  failures  constitute 
potential  conditions  for  accident  ofportunities,  but 
they  may  stay  "underground"  for,  sometimes,  long  periods 
of  time,  until  one  day  they  became  evident  in  comijinati- 
on  wltb  other  causal  factors.  An  unsafe  act  is  always 
the  last  element  in  a  chain  that  starts  with  latent 
failures.  Furthermore  all  ccoplex  systems  have  defences, 
normally  built  up  during  the  life  of  the  organization  as 
it  learnt  from  previous  accidents  and  incidents.  But 
time  and  again  there  always  turns  out  to  be  a  bole  In 
these  defences,  called  a  limited  window  of  accident 
opportunity . 
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FiLLlBLE  DECISIOWS 

Designers  and  decision  naters  at  the  hi^-level  lanage- 
oent  create  fallible  decisions.  It  is  not  necessarily  a 
question  of  inco^ietence  or  carelessness,  but  in  most 
cases  it  is  the  result  of  the  forced  allocation  of 
liadted  resources  to  naking  a  product  (for  Instance  air 
traoEportation  in  civil  airlines  or  air  sqieriority  in 
the  air  force  organizations)  as  veil  as  to  safety.  If 
you  q)eod  nore  on  production,  you  have  less  to  invest  is 
safety  and  vice  versa. 

LME  HMOGEMEIIT  DEPTQEMCIES 

Furtbemiore  fallible  decisions  on  tbe  hij^iest  nanageamt 
level  can  cause  deficiencies  in  the  line  nanagenent.  It 
depends  on  tbe  quality  of  tbe  line  Banagwwit  ufaetber 
fallible  declsi^  of  the  higher  level  will  be  aapli- 
fied,  nitigated  or  aloost  nullified.  However,  deficien¬ 
cies  can  also  find  tbeir  origin  in  the  line  nanagenent 
level.  Till  now  elevra  different  failure  types  are 
distinguished  in  tbe  literature  (Hagen2nr,  Hudson  & 
Reason,  1990): 

e  Hardware  defects 
e  Design  failures 
a  Kissing  defences 
a  Negligent  housekeeping 
a  Error  enforcing  ccndltloos 
a  Poor  procedures 
a  Training  deficiencies 
a  Organizational  failures 
a  Incoapatlble  goals 
a  Lack  of  i  iniili  iil  liiii 
a  Poor  walntenance 

PSVCHOLOGICM.  PRECDRSOBS  OF  DNSkFE  kCTS 

Psychological  precursors  or  preconditions  (figure  1)  are 
the  potential  sources  of  a  wide  variety  of  un^e  acts 
or  active  failures.  Whether  certain  acts  will  lead  to  an 
accident,  d^iends  on  the  cosplex  interactions  between 
the  task  to  be  perfomed  at  any  given  oannt,  the  parti¬ 
cular  dynaaic  environaent  in  which  the  task  has  to  be 
perfom^  and  tbe  dangers  and  hazards  that  are  present 
during  that  particular  period  of  tiae.  Depending  cn  tbe 
typical  conditions  of  any  given  aQaent  during  perforaan- 
ce  of  tbe  task,  each  psychological  precursor  can  lead  to 
a  large  o\aber  of  active  failures.  Sena  exaaples  of 
psychological  precursors  are: 

a  Inattention 
e  Undue  beate 
a  Stress 

a  High  workload  situation 
a  Insufficient  cues 
a  Caa|>etlng  deaands 
a  Ignorance 
a  Conplacency 
a  Poor  aotlvation 
Etc. 

Thus,  starting  with  fallible  decisions  the  network  of 
causes  branches  aore  and  note  while  we  proceed  through 
the  line  nanagewnt  deficiencies  and  the  psychological 
precursors  to  the  unsafe  acts  by  the  front-line  opera¬ 
tors.  Egaln,  Reason  (1990)  is  rather  stral^tforwwd  in 
judging  unsafe  acts  ^  front-line  operators: "Rather  thoi 
being  tbe  wain  instigators  of  ao  accldrat,  operators 
tend  to  be  tbe  inheritors  of  systes  defects  created  by 
poor  design,  incorrect  Inatallatlan,  faulty  aaintenanoe 
and  bed  ssniigMnnt  decisions.  Tbeir  part  is  usually  that 
of  adding  the  final  g»™ii»h  to  a  lethal  brew  whose 
ingredi«it8  have  already  been  long  in  the  cooking." 


Figure  2  depicts  bow  tbe  dynandcs  of  accident  causation 
cowe  to  life.  It  can  be  seen  that  a  con|>lex  ccshlnation 
of  latent  and  active  failures  is  necessary  for  the 
trajectory  of  accident  opportunity  to  find  a  bole  in 
each  and  every  plane  and  in  all  tbe  defence  layers.  It 
is  easy  to  understand  why  tbe  chance  that  a  particular 
active  error  will  lead  to  disaster,  is  very  snail. 

THPOS-STOLK  >r.r.TTMDITS 

One  Bore  thing  should  be  aentiooed  about  accident  inves¬ 
tigation  and  prevention.  Research  has  diown  that  acci¬ 
dents  appear  to  be  the  result  of  highly  ccq>lex  coinci¬ 
dences  i^cb  could  rarely  be  foreseen  by  tbe  people 
involved  in  tbe  accident.  Tbe  utqnredlctability  is  caused 
by  the  large  nunber  of  causes  and  by  tbe  spread  of  the 
infomation  over  the  participants.  Iccidi^ts  do  not 
occur  because  people  ganble  and  lose  (althou^  this  also 
happens  sowetines),  they  occur  because  people  do  not 
believe  that  the  accident  that  is  about  to  occur  is  at 
all  possible.  This  "iapossible  accident"  conc^  stens 
fren  Hagenaar  and  Groeneweg  (1987)  and,  althoui^  tbe 
research  that  brou^t  then  to  this  conclusion  was  based 
on  tbe  analysis  of  accidents  at  sea,  it  can  easily  be 
generaralized  to  tbe  aviation  environnent. 
ibis  notion  together  with  the  stod»stic  character  of 
tbe  aany-to-flany  aepplngs  of  general  failure  types, 
psydiological  precursors  and  unsafe  acts  reveals,  as 
Reason  has  put  it,  tbe  futility  of  focusing  tbe  renedial 
efforts  ipon  prevmtlng  tbe  recurrence  of  specific 
unsafe  acts.  Although  certain  of  these  acts  aay  fall 
into  an  easily  recognizable  subclass  and  so  be  anenable 
to  targeted  safety  prograanes  and  training,  nost  of 
these  acts  are  unforeseeable,  sonetiaes  even  quite 
bizarre. 

HUmSTGHT  BIAS 

An  additional  prchlen  is  that  the  tean  that  has  investi¬ 
gated  an  accidirat  knows  hew  tbe  sequence  of  events  was 
going  to  turn  out,  whereas  the  particlpmts  in  the 
accident  did  not.  This  is  a  very  significant  psychologi¬ 
cal  difference  and  research  has  shown  that  the  outccne 
knowledge  has  a  trenendcwis  influencs  on  the  way  all  the 
events  that  led  to  that  outccoe,  are  evaluated.  This  so 
called  bindsi(ht  bias  unwittingly  leads  to  nisjud^ient 
of  what  tbe  players  in  the  accident  drawa  should  have 
anticipated  in  foresight  and  to  overestiaation  on  tbe 
part  of  tbe  investigators  as  to  what  they  would  have 
known  bad  they  nc^t  possessed  knowledge  of  tbe  outccne. 

NEW  APPROACHES 

Hhat  should  be  done  now  that  tbe  old,  trusted  way  of 
accident  investigaticxi  and  prevention  ^ens  to  be  a 
strong-but-(partially)wrong  believe  in  solving  tbe 
problen?  Figure  3  enenopasses  all  tbe  elenents  of  the 
Accident  Causation  Theory.  Beside  the  already  familiar 
concepts  of  latent  failures  (fallible  decisions  and  line 
nanagenent  ^ficiencies,  exabining  into  general  failure 
types)  and  psychological  precnirsors  as  well  as  aertive 
failures  (unsafe  aerts)  and  systea  defences,  several 
feedback  locps  can  be  seen  here.  Loop  1  rq>resents  tbe 
flow  of  (retrospective)  safety  infomation  as  is  convey¬ 
ed  by  accident  reports  etc.  This  is  ,  as  we  have  seen, 
tbe  Donal  way  we  deal  with  safety;  tbe  events  we  would 
like  to  elininate  have  already  occurred.  Tbe  loops  2,  3 
and  4  seen  nore  pronislng  in  preventing  acxidents  bemu¬ 
se  they  give  infomation  befenre  the  aceddent  will  actu¬ 
ally  happen. 

At  tbe  University  of  Leiden  (The  Netherlands)  the  wor¬ 
king  gtoiq)  "Safety”  of  the  Psychological  Fac^ty  has 
designed  a  antbod  of  analysing  general  failure  types. 

The  result  of  this  analysis  is  a  so  called  Failure  State 
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Profile  (PSP),  wblcb  gives  indications  as  to  uhicfa 
general  failure  types  are  prevalent  in  a  given  organiza 
tion.  S  basic  feature  of  this  ai^oroacb  is  the  search  for 
(observable)  indicators  of  the  different  general  failure 
types.  !Ihe  first  phase  in  the  procedure  is  analysis  of  a 
nunber  of  acci^nts  and  incidents  that  he^^iened  in  that 
particular  organization.  Of  each  and  every  event  a 
causal  netHork  is  described,  tdiich  is  a  very  laborious 
task.  VBien  the  "tree"  is  finished,  the  different  events 
can  be  attributed  to  the  eleven  general  failure  types. 
The  ultimate  goal  is  to  design  questionnaires  idiich  can 
be  CQopleted  by  peqple  at  all  levels  in  the  organizati¬ 
on.  Thus  on  a  regular  basis  PSP's  can  be  composed  idiich 
give  insight  into  the  health  conditicxis  of  the  organiza¬ 
tion.  This  approach,  called  TRIPOD,  is  rather  new.  It 
has  been  iiq>leoented  in  desert  drilling  (^)erations  and 
on  North  Sea  Platforms,  but  it  has  not  yet  been  eqjplied 
in  the  field  of  aviation.  It  looks,  however,  very  promi¬ 
sing  and  a  research  project  to  evaluate  the  meth^  for 
application  in  aviation  (in  the  Royal  Netherlands  ^ 
Force)  just  started.  Also  in  the  RNLiF  a  system,  called 
KIRROR,  will  be  introduced  on  an  experimental  basis  that 
monitors  the  risk  state  of  an  operaticaial  fighter  squa¬ 
dron.  The  target  is  to  give  the  squadrcm  commander 
feedback  infoination  about  the  safety  status  of  his 
squadron  and  thus  an  opportunity  for  proactive  preventi¬ 
ve  measures.  Hopefully  positive  results  can  be  published 
in  the  near  future. 
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1  -  SOMMAIRE 

L’enquete  sur  les  causes  d’un  accident  est  une 
demarche  de  plus  en  plus  difficile  car  les  facteurs 
humains  deviennent  largement  pr£dominants  avec  plus 
de  75  %  des  cas  et  chacun  salt  qu’ils  sont  d£licats  it 
interpreter.  De  plus  le  materiel  comportant  de  plus  en 
plus  d’eiectronique  et  de  logjdels,  les  traces  physiques 
sont  souvent  inexistantes,  hors  les  parametres  enregjstres 
sur  "crash  recorder"  et  CVR. 

Lors  de  I’analyse  des  listings  ou  tracds,  on  interprete 
facUement  les  pararndtres  inddpendants  ou  peu  correies  : 
regime  et  tempdrature  moteur  par  exemple.  Par  contre, 
les  paramdtres  dvoluant  rapidement  et  coirdlds  i 
plusieurs  sont  d‘une  approche  laborieuse  :  rdponsc  d’un 
avion  it  des  soUicitations  long^tudinales  et  transversales 
combindes  par  exemple. 

Un  logiciel  permettant  la  presentation  sur  une 
console  graphique  des  paramdtres  enregistrds  comme  les 
voit  le  pUote  et  animds  en  temps  rdel  a  dtd  rdalisde  sur  la 
base  d’essais  de  DASSAULT  AVIATION  d  Istres.  Le 
rdsultat  satisfait  tous  les  espoirs  :  il  est  possible  de 
visionner  le  vol  d  la  cadence  normale,  au  ralenti,  en 
accdldre,  ou  d’arreter  sur  une  image.  La  planche  de  bord 
est  analogue  k  celle  de  I’avion,  la  manette  et  le  manche 
bougent  comme  les  vrais.  L’horizon  du  paysage  donne 
une  information  paravisuelle  des  mouvements  de  I’avion. 

Les  enqudteurs  "sentent*  rdeUement  la  fa^on  dont  le 
pilote  a  rdagi  aux  mouvements  de  I’avion  ou  aux 
evdnemcnts  qui  survenaient  :  signes  d’inattention,  de 
nervositd  ou  mdme  changement  de  pilote  aux 
commandcs  sur  un  biplace. 

Dans  une  autre  presentation,  une  maquette  vue  de 
rextdrieur  reproduit  les  mouvements  de  I’avion  pour 
t’analyse  des  evolutions  completes  :  vrilles,  ddcrochages, 
etc ... 


Enlin  des  tracds,  avec  ou  sans  zoom,  donnent 
revolution  des  paramdtres  ddsirds  en  analo^que,  comme 
sur  papier,  mais  avec  plus  de  souplesse  d’emploi. 

Un  film  video  prdsentant  quelques  cas  de  vol  typiques 
est  destine  h  faire  ressortir  les  avantages  de  ce  genre 
d’animation. 

Description  des  operations  d’acquisition  des  donndes 
d’un  avion  militaire. 

Organigramme  du  logiciel  de  presentation  sur  console 
graphique. 

2  -  IMPORTANCE  DES  FACTEURS  HUMAINS. 


Les  statistiques  montrent  une  diminution  importante 
du  nombre  d’acddents  adriens,  principalement  dans  le 
transport  civil.  C’est  la  partie  due  aux  incidents 
mdcaniques  qui  est  rdduite  de  fa(on  assez  spectaculaire. 
Par  contre  les  probldmes  lids  aux  facteurs  humains  ne 
montrent  pas  une  tendance  aussi  marqude,  d’oh  une 
montde  relative  dans  les  pourcentages. 

Suivant  les  auteurs  les  facteurs  humains  constituent  70 
i  7S  %  des  causes  d’acddent. 

On  reldve  un  pourcentage  plus  faibles  sur  avions 
militaires,  avions  de  combat  monoplaces  en  particulier, 
car  les  causes  dues  k  I’environnement,  aux  ddficiences 
mdcaniques  ...  sont  plus  frdquentes. 

Dans  cette  catdgorie,  le  pourcentage  d’accidents  dus 
aux  facteurs  humains  se  situe  dans  la  tranche  45  -  60  %. 


I 
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3  -  DIFHCULTE  D’INTERPRETATION. 

La  d6ficience  mdcanique  peut  £tre  cern6e  lors  d’lme 
enqu£te  minutieuse ;  des  exemples  rdcents  ont  mootrd  la 
precision  dtonnante  des  conclusions  drdes  lors 
d’acddents  conune  le  DCIO  d’Ermenonville,  le  B  747  de 
Lockerbie,  le  DC  10  d’UTA  an  Tchad. 

Par  contre  I’erreur  humaine  est  plus  difficile  i 
mvoquer  dans  de  nombreux  cas,  car  si  I’dquipage  ne 
survit  pas  k  I’acddent,  les  e]q>lications  sont  g^ndralement 
inaccessibles.  On  constate  une  suite  d’dvdnements  mais  le 
Cl  conducteur  n’est  pas  dvident.  0  faut  i  I’enqudteur  une 
trds  bonne  connaissance  des  conditions  d’emjriM  de 
i’appareil  pour  qu’il  puisse  s’unaginer  k  la  place  de 
I’dquipage  et  tkcher  de  faire  comdder  ses  propres 
rdactions  avec  celles  que  rdvdlent  les  enregistrements. 
Toutes  les  interventions  extdrieures  sont  k  envisager  pour 
expliquer  (le  ou)  les  disfoncdonnements  humains. 

II  est  done  important  de  sendr  avec  la  meilleure 
prddsion  la  fa^on  dont  les  actions  ont  dtd  mendes,  ce  qui 
est  quasiment  impossible  k  la  lecture  des  listings  et  reste 
difficile  k  I’examen  de  graphes. 

4  -  LA  REPRESENTATION  IMAGEE  DES 
PARAMETRES. 

a  •  La  planche  de  bord  reconstitude. 

Pour  fadliter  la  tkche  de  I’enqufiteur  et  lui  prdsenter 
I’exploitation  des  paramdtres  du  crash  recorder  de  la 
fa^on  la  plus  parlante  pour  lui,  nous  avons  rdalisd  sur  la 
Base  d’Essais  DASSAULT  AVIATION  k  Istres  un 
logiciel  permettant  de  prdsenter  sur  une  console 
graphique  une  reconstitution  du  cockpit  de  I’avion  (fig. 
1). 

Tous  les  paramdtres  existants  sont  reprdsentds  sur 
leurs  indicateurs  habituels  :  assiettes  et  caps  sur  une 
boule,  rdgime  et  T4  sur  des  instruments  moteur,  le  temps 
sur  la  montre  classique.  Des  indicateurs  suppidmentaires 
synthdtisent  d’autres  informations,  en  pardculier  les 
mouvements  du  manche  sont  figurds  par  une  pastille  se 
ddpla^ant  dans  un  rectangle  comme  la  tdte  du  manche 
entre  ses  butdes.  La  petition  neutre  est  repdrde  par  deux 
alidades.  De  mdme  le  repdre  de  la  manette  des  gaz  se 
ddplace  dans  un  curseur  gradud  de  Stop  k  PC  maxi  en 
passant  par  ralenti  et  PG  sec 

Les  tdmmns  de  femetionnement  et  alarmes  sont 
disposds  comme  sur  I’avion  rdel  et  s’allument  de  la  mdme 
fa(on. 


Pour  le  rdalisme,  une  vue  extdrieure  avec  horizon 
’natureP  reproduit  ce  que  verrait  le  pilote  en  conditions 
VFR.  Le  paysage  se  rdsume  k  une  texture  verte  pour  le 
sol  et  bleue  pour  le  del 

Sur  cette  surface  claire  peuvent  s’inscrire,  k  la 
demande,  les  valeurs  des  diffdrents  paramdtres 
ezprimdes  en  unitds  physiques  et  identifides  en  toutes 
le^es,  ainsi  que  la  transcription  sans  ambiguity,  des 
diffdrents  dtats  des  systdmes  :  train  rentrd  ou  sorti,  pilote 
automadque  en  service,  endenchd  ou  conneetd,  etc ... 

b  -  La  maquette  dans  I’espace. 

La  vue  extdrieure  d’une  maquette  de  I’avion  pennet 
de  reprdsenter  ses  attitudes  et  son  cap  pour  un 
observateur  situd  au  sud  de  la  maquette,  au  mdme  niveau 
et  k  distance  constante  (fig.  2). 

Les  assiett^  le  cap,  la  vitesse  et  I’inddence  sont 
inscrits  en  numdrique  en  haut  de  I’dcran. 

Les  paramdtres  en  chiffires  peuvent  dtre  appelds 
cmnme  dans  la  prdsentation  cockpit,  en  blanc  sur  fond 
noir. 

c  •  Les  tracds ; 

n  nc  faut  pas  nier  leur  utilitd  !  Le  synchronisme  de 
deux  dvdnements  peut  s'observer  bien  siir  au  passage,  sur 
deux  cadrans  diffdrents,  s’ils  sont  proches.  Mais  il  est  plus 
agrdable  de  le  vdrifier  sur  deux  tracds  en  function  du 
temps  que  Ton  appelle  sur  cette  troisidme  prdsentation 
avec  possibilitd  de  zoom  sur  I’dchelle  de  temps  (Fig.  3). 

d  -  L’animation  en  temps  rdel. 

La  possibilitd  d’animer  cette  planche  de  bord  en 
temps  rdel  est  I’avantage  ddterminant  de  cette 
reprdsentation.  La  nervositd  dventuelle  du  pilote  apparait 
clairement  au  travers  des  mouvements  de  manche  et 
manette.  Les  mouvements  de  I’avion  s’analysent 
beaucoup  plus  aisdment  qu’k  I’examen  des  tracds 
reprdsentant  les  assiettes  ou  les  positions  de  gouveme. 

La  corrdlation  mouvements  de  manche,  dvolutions 
de  I’avion  est  parfaitement  accessible  au  pilote  enqudteur 
qui  connait  I’avion.  11  peut  apprdder  k  tout  moment  la 
situation  de  I’avion  dans  I’espace,  I’dnergie  disponible,  la 
ndcessitd  ou  non  de  modifier  la  poussde,  ou  bien  le 
facteur  de  charge  :  sur  un  biplace,  il  peut  ainsi 
ddterminer  qui  pilote,  de  I’dldve  ou  de  I’instructeur. 

Tout  cela  lui  est  accessible  car  il  se  sent  dans  I’avion, 

0  est  pratiquement  en  vol. 
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e  -  Le  ralenti  ou  l’acc£l£r6,  TarrSt  sur  image. 

Une  fois  acquise  en  temps  r6el  la  sequence  complete 
de  vol  et  les  actions  pilote  assoddes,  il  pent  etre 
intdressant  de  d6tailler  ce  qui  s’est  pass£  i  un  moment 
prdds,  un  dvdnement  fugitif  noyd  dans  une  phase  trds 
agitde. 

II  sufiit  de  choisir  la  touche  'ralenti*  ou  d’arret  sur 
une  image,  comme  sur  un  magndtoscope  modeme. 

Le  ddfilement  accdldrd,  si  pratique  pour  retrouver 
une  sdquence  particulidre  est  dgalement  disponible  sans 
aucune  'griffure*  des  images. 

De  plus,  il  est  possible  de  ddbuter  une  lecture*  ou  de 
la  reprendre  i  un  instant  prdds  que  Ton  afliche  par  le 
clavier.  Les  donndes  dtant  en  mdmoire  vive.  Taction 
ddmarre  instantandment. 


f  -  Le  film  viddo ;  instruction  et  prdvention. 

A  condition  d’employer  pour  la  prise  de  vue  tm 
matdriel  viddo  professionnel  qui  peut  se  synchroniser  sur 
la  frdquence  de  balayage  du  tube  cathodique,  il  est  facile 
d’enregistrer  les  images  de  la  console  quelle  que  soit  la 
vitesse  de  reproduction  choisie  et  de  faire  ainsi  trds 
facilement  le  montage  d’un  film  viddo,  aux  fins  de 
ddmonstration  ou  d’instruction. 

Cette  facilitd  est  employdc  maintenant  chaque  fois 
qu’un  accident  ou  un  incident  se  produit. 

La  prdsentation  du  film  partidpe  de  fa^on  trds 
efficace  d  la  prdvention.  qui  est,  comme  chacun  le  salt,  le 
but  recherchd  par  tous  les  organismes  de  Sdcuritd  des 
Vols. 

Le  film  qui  va  etre  prdsentd  maintenant  est  une  bonne 
ddmonstration  de  toutes  ccs  possibilitds. 

Le  vol  dont  il  est  tird  est  une  sdance  d’entrainement 
de  voltige  d  basse  altitude  sur  MIRAGE  2000  en  vue  de 
la  Prdsentation  du  Bourget. 

Deux  planches  de  tracds,  des  paramdtres  de  vol 
classiques,  colorids  pour  en  fadliter  la  lecture,  sont 
prdsentds  avant  te  film.  Le  spectateur  apprddera  mieux 
ainsi  Taidc  qu’apptnle  Temploi  de  la  console  graphique 
(Fig.  4  et  5). 


5  -  L’ACQUISmON  DES  DONNEES. 

Nous  nous  limiterons  d  Texamen  du  systdme 
actuellement  en  service  sur  les  avions  militaires. 

A  bord  de  Tavion,  un  boitier  rdalise  Tacquisition  des 
divers  paramdtres  choi^  et  envoie  un  message  sdrie  d 
Tenregistreur  magndtique  qui  se  trouve  dans  une 
enceinte  spddale  destinde  d  le  protdger  des  chocs  d’un 
crash  et  mdme  du  feu  s’il  ne  dure  pas  trop  longtemps. 
Actuellement  la  bande  magndtique  est  progressivement 
remplacde  par  des  mdmoires  statiques  dont  la 
sauvegarde  est  assurde  par  des  piles.  Elies  sont  protdgdes 
de  la  mdme  fagor. 

L’exploitation  de  ces  enregistrements  ddbute  par  une 
ddcommutation  des  paramdtres  qui  sont  ensuite 
compards  d  leur  dtalonnage,  traduits  en  unitds  physiques 
puis  mis  en  forme  pour  dtre  stockds  sous  forme  de 
fichiers  sur  le  disque  dur  de  la  console  graphique  (Fig.  n° 
6). 

6  -  LE  LOGICIEL ;  L’ORGANIGRAMME. 

Lorsqu’un  utilisateur  ddsire  analyser  un  vol,  le  fichier 
correspondant  est  chargd  en  mdmoire  vive ;  les  images  de 
fond,  planche  de  bord,  cadrans  sont  dgalement  mises  en 
mdmoire  de  visualisation. 

Suivant  les  choix  effectuds,  type  d’avion,  prdsentation 
ddsirde,  cadence,  etc  ..  le  logiciel  anime  Timage  ddsirde 
suivant  Torganigramme  prdsentd  d  la  figure  7. 

7  -  L’EVOLUnON. 

L’animation  du  cockpit  par  les  paramdtres  de 
Tenre^streur  de  crash  a  pour  premier  objectif 
Tamdlioration  des  moyens  d’analyse  des  accidents  ou 
incidents. 

dependant,  au  deld  de  cette  restitution  du  vol,  il  est 
souhaitable  d’dtendre  la  coUecte  des  donndes  d  celles  qui 
intdressent  la  mission  opdrationnelle,  permettant  ?'nsi  de 
rejouer  ces  missions  aux  fins  d’instruction  ou  de  conirole. 

suppose  Tutilisation  d’un  autre  support 
d’enre^strement  non  protdgd  mais  plus  perfonnant  et  le 
ddveloppement  de  nouveaux  logidels  de  prdsentation  des 
rdsultats,  avec  des  spddalisations  dvidentes  :  combat 
adrien  d  plusieurs  avions,  tir  de  missiles  d  moyetme  ou 
grande  portde  ou  contrdle  d’une  mission  de  pdndtration 
en  suivi  de  terrain. 
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8  -  CONCLUSION. 

La  lialisaticm  et  la  mise  an  point  de  ce  dispoadf  ont 
tit  mendes  i  bien  grice  4  une  petite  ^uipe  de 
spdcialistes  unissant  ieurs  connaissances  et  portds  par  un 
rdel  enthousiasme  dans  la  recherche  de  la  presentation. 
Partant  d’un  projet  un  pen  vague  ils  Pont  transformd  en 
un  outil  de  grande  efficadtd,  trds  bien  adaptd  k 
I’utilisation  par  des  [^otes.  Merd  aux  informatidens  qui 
ont  un  tel  'sens  de  Pair*. 
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ASSESSMENT  OF  MORALE  IN  TURKISH  AIR  FORCE  PILOTS 
WITH  TWO  CLINICAL  PSYCHOLOGICAL  TESTS 

Dr  Muzatfer  CETINGUC.  Prof.  Dr.  Sait  DEGER,  Dr  0.  YALUG 

GATA 

Aerospace  Medical  Centre 
Eskisehir 
Turkey 

SUMMARY 


In  popular  understanding  good  morale  is  equal  to 
the  perception  of  well  being,  lack  of  distress  and 
absence  of  anxiety  and  depres.sion.  Actually  the 
temi  morale  is  related  to  anxiety  and  depression. 
The  rational  of  this  survey  is  to  assess  numerically 
stress  levels  by  using  anxiety  and  depression 
scores. 

345  active  duty  Turkish  Air  Force  (TuAF)  pilots 
and  70  non-tlying  air  force  officers  as  control 
group,  have  been  taken  into  this  study.  "State  Trait 
Personality  Inventory"  (STPl-Spielberger)  and 
"Zung  Depression  Scale"  (ZDS)  were  applied  to 
both  groups  in  1988. 

As  an  unexpected  result,  the  tlycr  group  has 
rettected  lower  scores  than  the  non-flyers. 
Different  explanations  are  available  but  they  are 
most  likely  to  be  related  to  high  motivation  and 
job  satisfaction  as  well  as  ego  strengths  of  tlyers. 
These  factors  can  elevate  the  ability  to  cope  with 
stressful  conditions. 

It  is  well  known  that  individuals,  who  have  a 
steady  interest  and  passion  to  tly,  perceive  the 
risks  of  Hying  as  relatively  low  because  of  their 
high  motivation.  But  it  is  very  hard  to  preserve 
this  motivation  without  disruption  for  a  long  time 
because  fliers  are  subject  to  the  same  life  .stressors 
as  everyone  else.  Pilots  work  on  "slippery 
ground",  eventhough  they  may  be  perceived  by 
other  to  be  immune  from  distress,  fear  and 
worries.  This  perception  can  be  present  even  in 
personnel  who  are  responsible  for  taking  care  of 
fliers. 

Even  the  most  resi.stant  individuals  have  a 
"breaking  point"  when  confronted  with 
overwhelming  stress  conditions.  It  may  be  delayed, 
but  may  not  be  prevented.  The  only  variable  is  the 
threshold,  and  any  threshold  may  be  reached  given 
the  right  recipe  of  factors.  External,  internal  or 
some  combination  of  stressors  may  lead  to  the 
breaking  point  or  insufficiency  in  individuals. 


It  is  suggested  the  term  "emotional  disturbances" 
rather  than  "psychiatric  disorders"  should  be  used 
for  these  cases  (1).  Hidden  or  obvious  pilot 
insufficiencies  or  emotional  disturbances  may 
contribute  to  either  aircraft  accidents  or  a  pilot’s 
disqualification. 

Experienced  pilots  cost  so  much  money  to  train 
that  their  disqualification  is  not  economical.  In  the 
event  of  an  accident,  pilot  and  aircraft  losses  are 
described  as  a  horrible  nightmare  in  aviation.  Poor 
stress  coping  and  cumulative  stress  load  are  two 
important  reasons  for  aircraft  accidents  (9). 
Therefore,  the  kinds  of  stress  factors  that  affect  the 
fliers  or  "what  happens  under  the  helmet",  need  to 
be  monitored  from  time  to  time. 

In  fact,  fliers  are  routinely  examined 
psychiatricaUy  once  a  year,  and  if  necessary  may 
be  referred  for  re-examination.  Also  flight 
surgeons  check  them  again  every  flight  day.  When 
they  have  a  problem,  they  are  prohibited  from 
flying,  even  if  they  have  a  desire  to  fly.  On  the 
other  hand,  if  they  desire  not  to  fly,  regardless  of 
their  health,  it  is  accepted  by  the  administration 
because  of  its  respect  for  the  psychological  and 
physical  welfare  of  pilots.  No  other  occupation  is 
subject  to  such  rigorous  health  checks  as  those 
given  to  pilots.  Even  so,  the  occurrence  of  stress- 
related  accidents  demonstrates  that  these 
multidimensional  control  mechanisms  can  fail  at 
times. 

RATIONAL  AND  METHOD 

When  discussing  aviator  stresses,  there  are 
different  viewpoints  among  people  who  are 
involved  in  this  field.  De-emphasizing  or  over¬ 
emphasizing.  false  or  true  analyzing  efforts  and 
problem  solving  proposals  may  occur.  The  normal 
level  or  risk  taking  or  stress  load  in  certain  flying 
activities  is  undetermined.  Also  the  standard  stress 
scores  for  certain  types  of  aircraft  and  tasks  are 
unknown. 
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Norms  may  vary  from  person  lo  person.  Specific 
issues  can  be  evaluated  by  open-ended  questions 
in  a  questionnaire.  These  kind  of  survey  results  are 
generally  particular  and  individualistic.  Also  every 
questionnaire  is  not  perfect,  because  building  a 
questionnaire  requires  experience  and  multiple 
factors  may  make  them  unreliable. 

In  addition,  "stress"  and  "morale"  can  be  elusive 
concept  to  measure  (9).  In  the  literature  stress  is 
qualified  as  "loosely  correlated  with  anxiety... 
furthemiore  depressive  illness  is  a  common 
reaction  to  stress  (3).  "stress  has  been  linked  to  a 
wide  variety  of  psychological  symptoms  including 
depression.. ."(5).  These  concepts  of  stress  leading 
to  anxiety  and  depressive  symptoms  support  the 
use  of  standardized  symptom-related  rating  scales 
such  as:  Raskin-Covi  Diagnostic  Scale,  Hamilton 
Depression/Anxiety  Rating  Scale  (10). 

In  general  understanding  anxiety  and  depression 
words  (concepts)  are  not  obvious  rather  than  temi 
morale.  On  the  other  hand  morale  presents  a 
concept  that  is  difficult  to  explain  but  it  contains 
within  it  the  willingness  to  confront  adversity  with 
tenacity,  zeal,  optimism  and  stamina  (2).  It  can  be 
said  that  a  high  stress  load  leads  to  poor  morale. 
But  how  can  high  stress  levels  be  measured 
especially  numerically  so  that  comparison  with 
other  groups,  or  changes  over  time  can  identified? 
The  Holmes  and  Rahe  Life  Change  Unit 
assessment  scale  is  not  useful  in  this  kind  of 
survey,  rather  anxiety  and  depression  scales  may 
help  to  more  effectively  detennine  filer’s  stress 
and  morale  levels. 

Consequently  the  Zung  Depression  Scale  (ZDS) 
and  the  Spielberger's  State  Trait  Personality 
Inventory  (STPl)  are  accepted  for  administration  to 
pilots,  in  order  to  evaluate  depression  and  anxiety 
levels.  The  results  are  interpreted  as  indicators  of 
morale  and  distress  levels. 

Turkish  Air  Force  pilots  arc  referred  to  the 
Aeromedical  Center  (Eskischir,  Turkey),  for 
routine  examination  once  a  year.  In  1988,  ZDS 
and  STPI  were  applied  to  345  pilots  revealed  no 
organic  and  psychologic  complaints  who  passed 
their  physical  examination.  These  pilot  group’s 
score  are  compartmentalized  in  accordance  with 
their  bases  and  squadrons,  so  that  they  can  be 
compared  in  tenns  of  stress  levels.  The  same  tests 
were  given  to  70  non-llying  Air  Force  officers  as 
a  control  group.  This  group  also  was  healthy  and 
had  similar  ranks  and  ages. 


These  self  report  inventories  contain  20  questions 
each  and  scores  are  compared  by  the  "student 
test". 

RESULTS 

STPI  scores  standardized  for  the  Turkish 
community,  equal  38,1  in  people  without  disease, 
39,7  in  those  with  physical  diseases  and  55  in 
those  with  psychiatric  diseases  (7).  The  scoring 
range  for  the  ZDS  follows  gradually  increasing 
symptoms  of  depression  from  50  to  100.  Less  than 
50  scores  mean  normal  or  lack  of  significant 
depression. 

Table  I  shows  both  Air  Force  fliers  and  non-fliers 
are  nomial  in  temis  of  depression  symptoms.  In 
addition,  anxiety  scores  are  not  high.  Fliers  are 
within  the  normal  range,  and  non-fliers  are  a  little 
bit  higher  than  standard  scores.  When  comparing 
the  differences  between  the  two  groups ’scores. 
When  comparing  the  differences  between  the  two 
groups’seores.  the  results  were  found  to  be 
statistically  significant  (p<0.01). 

DISCUSSION 

Non-fliers’living  conditions  seem  more  quiet,  more 
steady  and  less  risky;  so  one  would  have  expected 
their  scores  to  reflect  less  stress,  except  for 
random  individual  problems. 

There  is  a  significant  elevation  in  the  scores  of 
non-lliers,  both  in  depression  and  anxiety  levels. 
This  suggests  that  fliers  are  relatively  happier, 
have  belter  morale  and  feel  less  distress  in  spite  of 
the  risky  nature  of  their  occupation. 

Possible  reasons  follow; 

1 .  While  pilot  personality  characteristics  have 
been  categorized  and  thought  to  be 
somewhat  homogenous,  a  non-flier 
population  against  whom  to  compare  data 
is  more  difficult  to  describe.  However,  this 
non-flyer  group  was  little  different. 
Almost  all  70  people  initially  had 
graduated  from  Air  Force  College  and  had 
attended  Undergraduate  Pilot  Training 
(UPT)  school  together  with  the  flier 
group,  as  pilot  candidates.  But  they  were 
eliminated  in  either  the  medical 
examination  phase  or  in  the  flight  training 
phase  and  then  assigned  to  non-flying 
duties. 
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In  the  beginning,  their  personality 
characteristics  were  likely  to  be  close 
enough  for  comparison. 

Over  a  period  of  time,  flying  duties  and 
other  military  duties  may  create  different 
traits  in  people.  The  non-flyer  group  may 
also  have  eliminated  from  training  due  to 
deficiencies  in  ability  and/or  lower  stress 
tolerance  levels  than  successful  pilot 
candidates.  Their  test  scores  may  then 
reflect  this  difference. 

Fliers  are  generally  more  resistant  to  flight 
enviromnent  stressors;  coping  repertoires 
are  larger,  and  ability  to  overcome 
difficulties  is  greater.  Flight  activity  looks 
like  a  sophisticated  play  that  enables  them 
to  exhibit  skill,  bravery  and  masculinity.  It 
may  serve  oedipal  fantasies  or  allow 
sublimation  of  aggressive  urges, 
compensate  inferiority  and  counterphobic 
traits,  etc.  Right  motivation  may  be 
related  to  a  few  known  (perhaps  more 
unknown)  factors;  namely  joy.  mastery, 
power,  freedom,  control  of  the 
environment  (in  order  to  overcome  and 
control  anxiety),  obtain  career  goals  and 
prestige  (4,6,8). 

Generally  fliers  are  proud  of  their 
profession.  People  respect  them  because  of 
their  skills.  Special  flight  clothes,  symbols, 
patches,  extra  flight  pay,  promotion 
probabilities,  adventurous  lifestyle.,  all  of 
these  factors  may  make  a  flier  more 
satisfied  with  this  job. 

Thus,  fliers  may  overcome  or  deny  some 
hardships  more  readily  than  non-fliers. 
This  is  likely  to  be  related  to  their  ego- 
strengths.  job  satisfaction,  and  level  of 
motivation.  These  factors  are  crucial  in 
enhancing  morale,  especially  the  last  two. 

The  main  reason  for  this  investigation  was 
to  clarify  fliers'  morale  and  subjective 
stress  level  with  a  took  that  allowed 
numerical  scores.  These  scores  akst) 
allowed  comparison  to  other  groups, 
specifically  a  group  of  Air  Force  officers. 
While  this  DATA  is  valuable,  this  can 
only  be  seen  as  the  first  trail  of  a 
continued  evaluations  of  "normal"  pilots 
to  better  understand  fluctuations  of  stress 
levels  in  "routine"  flying  operations. 


Further  research  may  focus  on  specific 
"problem  areas"  identified  in  subsequent 
studies.  The  benefits  of  continued 
documentations  of  stress  in  aviators,  lies 
in  the  application  of  preventive  measures 
by  active  squadrons  to  enhance  mission 
safety  and  flight  perfomiance. 
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TABLE  1.  STATE  TRAIT  PERSONALITY 
INVENTORY  (STPl)  AND  ZUNG  DEPRESSION 
SCALE  (ZDS)  SCORES  OF  TURKISH  AIR 
FORCE  FLIERS  AND  NON-FLIERS 


n  SCORES  ZDS 


Air  Force  345  35.52  40.05 

Flier 


Air  Force 
Non-Flier 


70 


38.41* 


44.77* 
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SUMMARY 

A  Boeing  737-400,  jet  truisport  aircraft,  G-OBME, 
carrying  8  crew  and  118  passengers,  crashed  near 
Kegwmth,  Leicestershire,  on  8th  January  1989.  Of  the  126 
occupants,  47  died  u  a  result  of  the  accident  and  a  further 
74  suffered  serious  injury.  This  paper  describes  the 
structures  and  survivability  investigations  conducted  into 
this  accident  by  die  Air  Accidents  Investigation  Branch 
(AAIB)  of  the  UK  Dqiartment  of  Transport  and  reproduces 
the  1 1  AAIB  Safety  Recommendations  (out  of  a  total  of  31 
in  the  fmal  Report)  concerning  crashworthiness  and 
survivability. 

This  paper  also  describes  the  study  performed  for  this 
investigation  by  the  CranTield  Impact  Centre,  using  the 
KRASH  computer  code  to  quantify  impact  pulses.  The 
results  of  the  KRASH  work  supported  the  AAIB 
recommendations  in  the  G-OBME  report  and  form  the 
background  to  a  programme  at  the  CranTield  Impact  Centre 
to  facilitate  the  use  of  impact  computer  codes  in  aircraft 
accident  investigatioru. 

BACKGROUND 

The  increasing  emphasis  on  'survivability'  in  accident 
investigation  contrasts  with  the  days  when  the 
btvestigators  concentrated  almost  entirely  on  the 
prevention  of  recurrence  of  the  accident  itself.  For 
instance,  there  was  a  civil  C47A  Dakota  crash  in  Kent  in 
1947  in  which  8  of  the  16  occupants  sustained  fatal  injuries 
but  the  comprehensive  UK  AIB  accident  report  contained 
just  the  simple  statement  that  The  passengers'  seau  had 
tom  away  at  the  floor  anchorages.  The  safety  belts  were 
found  still  fastened  and  were  probably  being  worn  at  the 
time  of  the  crash"  and  made  no  futher  oormnenl  on  what  we 
would  now  regard  as  being  a  largely  survivable  impact! 

For  AAIB,  survivability  and  evacuation  investigations 
have  centred  in  3  areas:  evacuation  and  survival  at  sea  after 
helicopter  ditchings;  survival  in  the  harsh  decelerations  of 
accident  injects;  and  survival  and  evacuation  around 
aircrafl  Toes.  AAIB  conducted  an  intensive  investigation 
inio  the  survivability  at  the  accident  to  Boeing  737-236, 
G-BGJL,  St  Manchester  on  22  August  1985  (ref.  1),  where 
there  was  Are  but  no  crash  pulse,  and  the  investigation  into 
G-OBME  forms  the  corresponding  case  of  the  crash  pulse 
without  but  no  significant  post-crash  fire.  In  considering 
the  lessons  of  bodi  accidena  it  is  crucial  to  remember  the 
nianber  of  accidents  involving  both  impact  ud  flsu- 

ACCIDENT  TO  G-OBME  NEAR  KEGWORTH 
G-OBME  was  a  737  Series  400  aircraft  and  was  makmg  a 
single-engine  approach  mio  East  Midlands  Airport 
foUowing  a  fan  Made  failura  within  the  No.  1  engine  in 
fli|d*l  '■<*1  subeequent  shut-down  by  the  crew  of  the  No. 

2  engine.  About  2.4  nautical  miles  ftom  the  runway  the  fan 
of  the  No.  1  engiiie  began  lo  break  up  and,  with  the  crew 


unable  to  restart  the  No.  2  engine,  the  aircraft  sank  below 
the  glideslope. 

The  aircraft's  first  impact  was  in  a  level  field  adjacent  to  the 
eastern  embankment  of  the  Ml  motorway:  it  then  suffered 
a  severe  impact  on  the  western  carriageway  and  on  the 
western  embankment  of  the  motorway.  Of  the  126 
occupants,  47  died  as  a  result  of  the  accident  and  a  further 
74  suffered  serious  injury  (flgure  1). 

ORGANIZATION 

When  the  AAIB  investigation  started,  the  author  was  asked 
to  lead  the  structures  group  of  the  investigation  and  Dr 
Anton  (of  the  RAFs  Institute  of  Aviation  Medicine)  to  lead 
the  AAIB  survivability  investigation.  The  nature  of  this 
accident  was  such  that  these  two  threads  of  the 
investigation  were  very  closely  woven,  linking,  for 
instance,  aircraft  damage  to  the  Injury  Severity  Scores  (ISS) 
of  the  occupants. 

A  group  of  leading  medical  consultants  independently 
formed  themselves  into  the  NLDB  (Nottingham,  Leicester, 
Derby,  Belfast)  snidy  group.  These  doctors  were  drawn 
from  the  hospitals  which  received  patients  from  the 
accident  and  the  group  was  led  by  Professor  Wallace  of  the 
University  Hospital,  Nottingham.  Although  the  study 
group  worked  independently  of  AAIB,  die  sharing  of  a  large 
amount  of  factual  information  was  very  beneficial  to  both 
investigatitms.  The  NLDB  group  published  their  own 
report  as  well  as  several  individual  medical  papers,  with 
some  of  their  woik  based  on  a  study  commissioned  by  the 
group  using  the  crash  victim  simulation  program 
MADYMO. 

The  accident  also  caused  considerable  interest  in  the  United 
States  and  a  study  group  from  NTSB,  FAA,  Boeing  and  the 
seat  manufacturers  participated  in  the  AAIB  investigation. 
This  interest  was  generated  by  this  being  one  of  the  first 
accidents  to  have  occurred  to  a  jet  transport  equipped  with 
seats  designed  around  the  requirements  of  FAR  Amendment 
25-64:  the  so-called  '16g  dynamic  test'  requirements. 

OBJECTIVES 

The  initial  objectives  of  the  structures  and  survivability 
portions  of  the  AAIB  investigation  were: 

i)  to  determine  the  impact  sequence  and  to 
quantify  the  deceleration  pulses, 

ii)  to  determine  the  extent  and  sequence  of  the 
aircraft  structural  damage, 

iii)  to  determine  the  extmt  and  sequence  of  the 
structural  damage  to  the  occupant  seating  and 
other  fttmidiings, 

iv)  to  detetmine  the  extent  and  nature  of  occupant 
injuries  and 

v)  to  relate  these  to  the  cabin  environment. 


10-2 


IMPACT  STUDY  (KRASH) 

As  part  of  ihe  structures  aitd  survivability  aspects  of  the 
investigation,  it  was  decided  to  attempt  a  computer-based 
modelling  of  the  ground  impact  dynamics  of  G-OBME.  The 
primary  objective  was  to  refine  the  deceleration  levels  at 
the  cabin  floor  throughout  the  impact  sequence.  Secondary 
objectives  were  to  deteimine  the  efBcacy  of  such  a 
computer-based  model  and  whether  sudi  a  study  could 
achieve  useful  results  within  the  time-scale  of  the  overall 
accident  investigation. 

The  two  broad  groups  of  computer  programs  available  for 
impact  dynamics  may  be  classified  as: 

i)  'full'  finite  element  programs,  which  model  a 
vehicle  structure  in  detail,  using  only 
geometric  and  material-properties  input  data. 

ii)  'hybrid'  programs,  which  use  a  simpler  library 
of  structural  elements  for  the  model  and 
incorporate  some  test-derived  data  for  the 
collapse  properties  of  key  members  within  the 
structure. 

KRASH  is  a  hybrid  program  and  has  been  developed 
specifically  for  the  analysis  of  aircraft  impact  problems. 
Because  of  its  tim|der  modelling,  and  the  availability  of 
full-scale  test  data  firom  previous  FAA  full-scale  impact 
tests,  the  KRASH  program  was  selected  and  Cranfield 
Impact  Centre  was  commissioned  to  perform  the  study 
(reference  2). 

CONnCURATION  (figure  2) 

For  crew  seating,  the  cockpit  ww  configured  with 
conventional  pilots'  seats,  positioned  on  floor-mounted 
tracks  aid  eqiripped  with  S-point  harnesses.  The  aircraft 
had  seating  for  3  cabin  attendants,  arranged  as  2  double 
seats  and  1  single  seat,  all  of  which  were  aft-facing.  Both 
double  seats  were  mounted  on  the  left-hand  side  of  the 
aircraft,  one  just  forward  of  the  forwardAeft  passenga  door 
and  the  other  just  forward  of  the  rearAeft  passenger  door. 
The  single  attendant  seat  was  mounted  just  forward  of  the 
rearAight  passenger  door. 

At  the  time  of  the  accident,  G-OBME  was  configured  with 
136  passenger  seats  in  a  single  class  cabin  with  a  total  of 
26  rows  of  pairs  of  triple  seats,  all  built  by  Weber  Aircraft 
(figure  3).  The  seat  pitch  ranged  Bom  a  maximum  of  38 
inches,  for  the  2  teat  rows  (12  and  14)  next  to  the  overwing 
emergency  exits,  to  a  minimum  of  30  inches  for  row  27L. 
The  remainir^  seat  pitches  were  either  31  or  32  inches. 

This  type  of  seat  had  been  approved  to  TSO-C39a  (the 
static  requirements  for  existing  aircrafi  type  certifications) 
and  had,  in  addititm,  been  subjected  to  some  dynamic 
letting  on  the  FAA's  Civil  Aenunedical  Institute  (CAMI) 
track  aroiBKi  the  requirements  of  FAR  Part  23  Amendment 
23-64  (the  'dynamic'  requirements). 

The  aucraf)  was  equipped  widi  a  total  of  30  overhead 
stowage  bins  in  the  passenger  compartment.  Of  these,  26 
were  of  60  inch  length  and  fully  available  for  passenger 
hand  baggage.  The  mnaining  two  end  pairs  were  shorter 
and  partly  uaed  for  cabin  safety  equipment  (figure  4). 

IMPACT  SEQUENCE 

The  first  ground  contact  was  made  just  short  of  die  Ml 
eastern  embankment  (figure  3X  with  the  main  landing  gears 
touching  abnost  simultmeously  widi  the  tail.  At  first 


impact  the  aircraft's  attitude  was  approximately  13*  nose 
up,  with  about  4*  of  right  roll  and  4  j*  of  left  yaw.  The 
actual  impact  velocities  had  to  be  extrapolated  from  the 
final  Flight  Data  Recorder  (FDR)  readings  because  of  the 
use  of  volatile  memory  buffering  in  diis  type  of  recorder, 
giving  a  ground  speed  of  between  104  kts  (calibrated 
airspeed,  corrected  for  wind)  and  111  kts  (from  die  aircraft 
Inertial  Reference  Unit).  The  rate  of  descoit  was  between 
8.3  feet/sec  (barometric  rate  of  descent)  and  16  feet/sec 
(radar  altimeter  rate  corrected  for  tenain).  These  velocities 
combined  to  give  an  aircrafi  final  flight  path  angle  of 
between  2.5*  and  3*. 

The  first  impact  detached  the  tail-skid  and  APU  door  and  the 
drag  loads  on  the  two  main  landing  gears  failed  both  legs 
rearwards;  the  airframe  remained  otherwise  intact.  The 
aircraft  then  cut  a  swathe  through  the  trees  on  the  eastern 
embankment  and,  as  it  descended  across  the  motorway,  die 
left  wing  struck  a  central  lamp  standard,  fracturing  the 
standard  at  its  base  and  removing  the  outboard  6  feet  of  the 
wing. 

The  second,  and  major,  impact  occurred  when  the  nose 
contacted  the  base  of  the  western  embankmenL  The  first 
contact  was  made  by  the  nose  wheel  on  the  road  surface 
followed  by  the  nose  radome  striking  the  embankment  and 
the  engine  nacelles  striking  the  road  surface.  The  nose 
landing  gear  failed  rearwards,  the  nose  crushed  against  the 
embankment  and  both  engine  support  structures  failed 
upwards. 

There  was  no  indication  of  velocity  at  the  second  impact 
from  either  the  FDR  or  the  aircraft  instrumentation.  It 
became  evident  during  the  investigation  that  the  major 
factor  in  the  deceleration  pulse  in  the  second  impact  was 
the  resultant  (horizontal  and  vertical  combined)  velocity  at 
this  impact.  Estimates  covered  the  range  of  77  knots  (tom 
a  simple  first-order  aerodynamic  calculation)  to  99  knots 
(from  an  impact  analysis  provided  by  the  airframe 
manufacturer):  AAIB  concluded  that  the  highest 
probability  was  in  the  range  of  83  to  93  knots. 

For  determining  the  deceleration  pulse  transmitted  to  the 
cabin  floor  in  the  second  impact  AAIB  considered  4  sources 
of  information: 

i)  the  results  of  a  KRASH  computet  simulation 
performed  by  Ihe  Cranfield  Impact  Centre  (ref. 
2). 

ii)  calculation  of  the  basic  kinematics, 

iii)  the  damage  to  the  passoiger  and  pilot  seating 
related  to  previous  dynamic  testing, 

•v)  comparison  of  airframe  damage  with  previous 
calibrated  tests. 

All  these  sourcM  of  evidence  indicated  deceleration  levels 
in  the  seciHid  impact  in  excess  of  the  pulses  defined  in 
Amendment  23-64  and  the  balance  of  evidence  indicated  a 
resultant  deceleration,  within  die  centre  section,  with  a 
peak  value  of  between  22  and  28g  (figure  6).  Peak 
deceleration  in  the  nose  section  would  be  slightly  higher, 
but  with  a  shorter  pulse,  and  the  peak  deceleration  rather 
lower  in  Ihe  tail  section. 

A  significant  point  drawn  from  the  AAIB  work  on  defining 
the  impact  and  its  deceleration  pulse  wu  die  difficulty  of 
defining  the  severity  of  the  majm  deceleration.  Such  a 
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pulse  is  •  combtiulion  of,  for  instance,  rise  time,  duration, 
peak  deceleration  and  overall  velocity  change;  none  of 
these  components  provides,  by  itself^  an  adequate 
description  of  the  severity  of  the  pulse.  Thus  the  overall 
velocity  change  of  the  seat  dynamic  tests  (33  and  44 
feet/second)  are  just  as  important  as  their  associated  peak 
deceleration  levels  (14  and  16g). 

AIRFRAME  DAMAGE 

Two  major  structural  failures  of  the  fuselage  occurred  in  the 
impact,  one  slightly  forward  of  the  wing  leading-edge  and 
one  aft  of  the  trailing-edge.  These  failures  left  the  structure 
in  3  sections  (figure  7). 

All  3  landing  gear  legs  and  both  engine  supports  failed, 
without  rupturing  the  fuel  tanks.  In  the  case  of  the  2  main 
landing  gear  legs,  the  separations  were  clean  and  were  as 
designed,  fracturing  the  system  of  calibrated  'fiise  pin'  bolts 
whi^  attach  the  main  landing  gears  to  the  wing  structure. 
The  engine  pylons  were  also  designed  to  separate  cleanly 
from  die  wing.  Although  both  engines  tUd  separate  without 
rupturing  the  wing  fuel  tanks,  all  the  ‘fuse  pin'  bolts  were 
found  intact  and  the  structural  failure  had  occurred  within 
the  pylon  itself,  approximately  in  die  vertical  plane  of  the 
forward  wing  spar. 

The  note  section  sustained  considerable  crushing  in  the 
lower  flight  deck  area  and  the  belly  skin  disintegrated 
along  the  length  of  the  forward  passenger  cabiiL  The  floor 
of  (he  forward  passenger  cabin  was  entirely  disrupted  (rows 
1  to  9)  and  the  stubs  of  the  floor  beams  indicated  that  the 
failures  afi  of  seat  row  1  were  in  a  forward  and  downward 
sense.  The  centre-section  remained  intact  and  the  wings 
remained  attached:  the  floor  in  the  centre-section  itself  was 
intact  (rows  10  to  17)  because  it  is  built  on  the  wing 
torsion  box  but  the  flooring  aft  (rows  18  to  24R)  of  the 
centre-section  was,  again,  disrupted.  The  tail  section  was 
almost  inverted  but  had  retained  an  intact  floor  (rows  24L 
to  27). 

The  failure  pattern  of  the  floor  structure  was  studied  in 
detail,  both  by  examination  of  the  areas  of  floor  which  had 
retained  some  integrity  and  by  reconstructing,  with  the  aid 
of  individual  floor  beam  drawings,  those  areas  which  had 
been  fragmented.  A  distinctive  pattern  of  failure  emerged. 
The  initial  failures  were  of  the  longitudinal  seat  tracks 
under  the  inertial  loading  of  the  passenger  triple-seats.  The 
resulting  displacement  of  the  seat  track  members  from  the 
floor  panels  prevented  the  floor  panels  from  reacting  the 
longitudinal  crash  loads  and  the  transverse  floor  beams 
then  failed  under  the  longitudinal  and  torsional  crash  loads, 
for  which  they  were  not  designed,  as  well  as  Grom  the 
vertical  loads. 

SEATING 

Both  pilots'  seals  were  found  still  on  their  tracks  and, 
despite  the  heavy  impact  damage  to  the  flight  deck  area, 
both  seau  remained  anached  to  the  floor  and  the  restraint 
systems  were  only  slightly  damaged.  On  both  seats  the 
seat  pans  were  found  at  the  bottom  of  their  vertical  travel 
and  this  had  caused  additional  t«U  damage.  Similarly,  all  5 
attendant  seau  suffered  some  damage  but  remained 
baskaOy  intact  and  attached  to  their  respective  toilet 
modules.  All  the  crew  members  survived. 


The  decision  was  made  early  in  the  investigation  to  attempt 
to  match  individual  injuries  to  individual  seat  damage  and 
so,  after  delivery  of  the  wreckage  to  AAIB  at  Famborough, 
the  cabin  seating  arrangement  was  reconstructed.  This  task 
was  made  more  difficult  because  the  cabin  seating  was 
single  class  and,  during  the  rescue  and  salvage  operations, 
a  total  of  38  triple  seau  were  removed  from  the  aircraft, 
generally  after  extensive  cutting  to  allow  the  release  of 
injured  passengm.  By  fracture-matching  of  the  seat  pieces 
and  identification  of  pieces  of  seat  track  still  attached  to 
the  seau'  rear  attachmeius,  the  position  of  all  the  seatt  was 
(eventually!)  esublished. 

Although  there  waa  variation  in  the  damage  to  individual 
seau,  some  distinctive  patterns  emerged  (figure  8).  In  the 
forward  area  (rows  1  to  9X  for  instance,  aU  the  seau  were 
totally  separate  from  the  floor  structure  but  in  no  irutance 
did  the  seat  structure  fail  at  the  rear  track  attachment.  This 
appeared  to  have  been  principally  due  to  the  articulation 
designed  into  the  attachment  to  allow  for  the  warping 
requiremenU  of  the  new  seat  tesu. 

On  the  other  hand,  the  seau  in  the  centre  section  (rows  10 
to  17)  h-id  remairted  attached  to  the  cabin  floor,  with  the 
exception  of  2  individual  outboard  seau  which  had  suffered 
complete  bending  failures  of  their  horizontal  front  spars. 
There  was  also  spar  deformation  in  several  other  seau  and 
it  was  the  correlation  of  this  damage  to  occupant  injuries 
which  enabled  the  medical  investigators  to  postulate  that 
the  primary  mechanism  of  femoral  fracture  was  the  result  of 
the  femur  being  bent  over  the  horizontal  front  spar  of  the 
seat  This  was  confirmed  by  the  loads  shown  by  the 
MADYMO  simulation  commissioned  by  the  NLDB  group. 

OVERHEAD  STOWAGE  BINS 

All  the  overhead  stowage  bins  were  recovered  from  the 

wreckage  and  their  cabin  positioru  determined. 

Photographs  taken  during  the  rescue  operation  and 
interview  evidence  from  rescuers  indicated  that  all  the  bins 
had  become  detached  in  the  accideru,  apart  from  the  forward 
bin  on  the  right-hand  side  (IR),  which  was  partially 
detached.  The  pattern  of  damage  to  the  biru  themselves 
reflected  the  cabin  damage,  with  the  least  damaged  biiu  in 
the  centre  and  tail  sectioru  and  the  most  damaged  being 
(hose  creased  and  crushed  in  the  buckled  area  aft  of  the 
wing. 

On  all  the  detached  bins  the  initial  failure  aj^reared  to  have 
occurred  when  the  diagonal  tie  fitting  pulled  out  of  the  bin 
upper  surface  (figure  9).  The  lateral  and  vertical  tie-rods 
then  failed  when  they  were  subjected  to  the  longitudinal 
inertia]  load  for  which  they  were  not  designed. 

INFANT  AND  CHILD  RESTRAINTS 
These  was  one  infant  on  board  and  he  was  seated  on  his 
mother's  lap,  restrained  by  a  supplementary  loop-type' 
belt.  The  child  was  severely  injured  and  the  mother,  who 
later  died  in  hospital,  sustained  a  higher  injury  severity 
score  higher  than  the  occupants  of  neighbouring  seats.  At 
the  tinte  of  the  accident  there  was  no  requiranent  in  die  UK 
for  infant  restraint  on  transport  aircraft  but  the  UK  CAA 
(Civil  Aviation  Authority)  now  requires  that,  for  take-off, 
landing,  emergency  conditions  and  flight  in  turbulence,  'all 
passengers  under  die  age  of  two  years  ate  properly  secured 
by  means  of  a  child  restraint  device':  this  amendment  has 
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generally  been  interpreted  as  requiring  the  use  of  the 
supplementary  'loop-type'  belts. 

The  CAA  has  recently  funded  a  research  programme  to  study 
alternatives  to  the  loop-type'  belts  and  now  allows  the  use 
of  certain  specified  child-seats.  However,  in  die  UK  there 
is  no  puUished  Standard  for  child  setts  in  aircraft  and  the 
onus  to  provide  die  child  seat  remains  on  the 
acconqianying  adult 

AAIB  SAFETY  RECOMMENDATIONS 
The  AAIB  final  report  was  published  on  18th  October  1990 
(ref.  3)  and  it  contained  31  Safety  Recommendations.  11  of 
these  concerned  crashworthiness  and  survivability  issues. 
In  the  United  Kingdom,  recommendations  made  by  AAIB 
are  generally  addressed  to  the  UK  CAA  (Civil  Aviation 
Authority):  the  CAA  are  required  to  consider  these 
recommendations  and  publish  a  response. 

Engines: 

The  lack  of  a  significant  fuel  release  in  this  crash  was 
partly  due  to  the  ruptured  centre-section  fuel  tank  being 
empty  for  this  flight  and  the  damage  to  the  left  wing-tip 
occurring  outboard  of  the  fuel  tank.  It  was  also  due  to  the 
integrity  of  the  wing  fuel  tanks  further  inboard,  which  did 
not  rupture  despite  the  separation  of  bodi  main  landing 
gear  legs  and  the  separation  of  both  engines.  Although  the 
engine  separations  were  benign,  in  that  the  wing  fuel  tanks 
were  not  ruptured,  the  structural  failuies  occurred  within  the 
pylons  themselves,  leaving  the  'fiise-pin'  bolts  in  place. 
This  raised  the  question  as  to  which  impact  scenarios  need 
to  be  examined  for  the  engine  separation  case  and  AAIB 
recommended  that: 

The  CAA  should  review  the  existing  Joint 
Airworthiness  Requirements  concerning  fuel  tank 
protection  from  the  efiects  of  main  landing  gear  and 
engine  detachment  during  ground  impact  and  include 
specific  design  requirements  to  protect  the  fuel  tank 
integrity  of  those  designs  of  aircraft  with  wing- 
mounted  engines." 

Seating; 

From  the  analysis  of  the  major  deceleration  impulse  it  was 
clear  that  the  forces  encountered  in  the  second  impact  were 
considerably  greater  than  those  for  which  the  airframe  and 
die  furnishings  wm  designed  and  certificated.  It  is  in  this 
context  that  the  discussion  around  the  seat  performance  in 
ME  look  |dace. 

In  general  the  crew  searing  performed  well  and,  by 
remaining  in  position,  limiled  the  crew  injuries  resulting 
from  secondsy  inqiacts  with  the  cabin  interior.  For  the 
passenger  vea:  "where  the  flow  survived,  so  did  the 
seats".  The  examination  of  previous  accideiits,  the  early 
dynamic  testing  of  seats  designed  to  the  previous  ('9g') 
static  criteria  and  the  dynamic  lesring  of  diis  model  of 
passenger  sett  aD  aidicaied  that  fewer  injuries  occurred  in 
this  accident  than  would  probably  have  been  the  case  with 
passenger  seats  of  mi  earlier  generation.  However,  some 
structural  fttlmea  of  the  setts  did  occur,  surH  as  the  front 
spar  fariuies  m  die  overwing  section  of  the  fuselage,  and 
the  AADB  reconunaided  diat; 

The  CAA  should  actively  sedt  further  improvement  in 
the  stMidards  of  JAR  23  J6I/.562  and  the  level  of  such 
standards  shoidd  not  be  constrained  by  the  currait  FAA 
requirements." 


The  performance  of  the  passenger  seau  in  G-OBME  also 
supported  the  case  for  fitting  die  iiiqHoved  seats  into  all 
newly-manufactuted  aircraft  coming  onto  the  register  and 
retrofitting  existing  aircraft,  at  least  on  a  seat  rqilacement 
basis.  The  AAIB  thus  recommended  that: 

The  CAA  should  require  that,  for  aircraft  passenger 
seats,  the  current  loading  and  dynamic  testing 
requirements  of  JAR  23.561  and  .362  be  qiplied  to 
newly  manufactured  aircraft  coming  onto  UK 
register  and,  with  the  minimum  of  delay,  to  aircraft 
already  on  the  UK  register." 

The  medical  investigation  surrounding  this  accident 
suggested  considerable  scope  for  improving  the  detail 
design  requirements  for  aircraft  seating.  In  this  light,  the 
AAIB  recommended  that: 

"In  addition  to  the  dynamic  test  requirements,  the  CAA 
should  seek  to  modify  the  JARs  associated  with 
detailed  seat  design  to  ensure  tiiat  such  seats  are  safety- 
engineered  to  minimise  occupant  injury  in  an  impact" 

As  for  alternative  seat  designs,  any  change  would  clearly 
have  to  be  founded  on  a  firm  basis  of  research  and 
development,  including  questions  of  compatibility  with 
the  rest  of  the  cabirt  the  level  of  passenger  accqitance  and 
protection  in  a  wide  range  of  impacts.  Little  of  this 
research  has  taken  place  in  recent  years  and  the  limited  use 
of  rearward  facing  seats  in  military  transport  aircraft  has 
not  answered  the  questions.  The  AAIB  recommended, 
therefore,  that: 

The  CAA  should  initiate  and  expedite  a  structured 
programme  of  research,  in  conjunction  witii  the 
European  airworthiness  authorities,  into  passenger 
seat  design,  with  particular  emphasis  on: 

(i)  Effective  upper  torso  restraint. 

(ii)  Aft-facing  passenger  seats." 

Cabin  floor  structure: 

The  investigation  indicated  that  the  floor  strength  was,  in 
fact,  considerably  higher  than  the  'static  9g'  certification 
requirement.  The  pattern  of  failure  in  G-OBME,  however, 
showed  that  relatively  minor  engineering  changes  could 
si^ficantly  improve  the  resilience  and  toughness  of 
aircraft  cabin  floors  and  take  fuller  advantage  of  the 
improved  passenger  seats,  particularly  for  out-of-plane 
loading  and  in  providing  multiple  load  paths. 

Future  designs  of  cabin  floor  should  certainly  have  to  take 
account  of  dynamic  loadings  to  ensure  tiiat  the  seats,  and 
other  floor-mounted  furnishings,  remain  in  place  in 
realistic  impact  cases.  It  is  also  reasonable  that,  at  some 
point  in  the  future,  this  should  also  apply  to  further 
production  of  existing  designs.  The  AAIB  recommendation 
thus  read: 

"The  certification  requirements  for  cabin  floors  of  new 
aircraft  types  should  be  modified  to  require  that 
dynamic  impulse  and  distortion  be  taken  into  account 
and  tiiese  criteria  should  be  qiplied  to  future 
production  of  existing  designs." 

There  is  wide  scope  for  research  into  the  feasibility  of  a 
significant  increase  in  cabin  floor  toughness  beymd  the 
level  of  the  current  JAR/FAR  sett  requirements.  A  furtiier 
recommendation  covered  this; 
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The  CAA  should  initiate  research,  in  conjunction 
with  the  European  airworthiness  authorities,  into  the 
feasibility  of  a  significant  increase  in  cabin  floor 
toughness  beyond  the  level  of  the  current  JAR/FAR 
seat  requirements." 

Infant  and  child  restraints: 

The  argument  for  child  seats  in  motor  cars  has  been  well- 
established  for  over  a  decade.  It  can  be  argued  that  the 
supplementary  loop-type  belt  provides  some  advantages 
over  simple  lap-holding  of  infants  but  it  caiuiot  provide  an 
equivalent  level  of  survivability  to  that  provided  for  the 
adult  passenger.  The  AAIB  recommendation  was  that: 

"The  CAA  implement  a  programme  to  require  that  all 
infants  and  young  children,  who  would  not  be  safely 
restramed  by  supplementary  or  standard  lap  belts,  be 
placed  in  child-seats  for  take-off,  landing  and  flight  in 
turbulence." 

The  present  regulations  are  still  a  tong  way  from  bringing 
about  the  universal  use  of  child-seats.  To  do  this,  it  is 
logical  that  the  onus  of  provision  should  be  placed  on  the 
airline.  There  are  clear  advantages  for  an  airline  in  only 
having  to  train  its  cabin  staff  to  deal  with  the  use  of  one 
type  of  child-seat,  optimised  for  the  airline  operation,  and 
in  not  having  to  deal  with  child-seats  incompatible  with 
the  airline's  passenger  seats. 

In  the  meantime,  to  promote  the  effective  use  of  child-seats 
and  to  put  operators  in  a  position  to  provide  child-seats 
themselves,  the  AAIB  recommended  that: 

The  CAA  expedite  the  publication  of  a  specification 
for  child-seat  designs." 

Overhead  stowage  bins: 

All  but  one  of  the  overhead  stowage  bins  became  detached 
in  the  impact  and  they  did  so  in  a  very  uniform  manner 
with  the  initial  separation  of  the  diagonal  tie  from  the 
upper  surface  of  the  stowage  bin  and  the  consequent  failure 
of  the  lateral  and  vertical  ties  when  the  bins  moved  forward. 
Confirmation  of  this  failure  mode  was  that  the  only  bin  not 
to  have  separated  entirely  from  its  fuselage  attachments 
was  IR,  the  only  bin  at  which  forward  motion  was 
restricted  by  the  presence  of  a  substantial  cabin  bulkhead. 

It  was  not  possible  to  determine  the  actual  mass  or 
distribution  of  passenger  belongings  in  the  overhead  bins 
but  the  results  of  a  1981-82  CAA  survey  indicated  that  the 
manufacturer's  figure  (3  lbs  per  iiKh  of  bin  length)  was 
generously  conservative  and  that  the  actual  loading  on  G- 
OBME  was  sboin  33%  of  the  placarded  mass. 

Quite  apart  Etom  the  injuries  caused  by  the  biiu,  their 
preaoice  in  the  ctbin  did  impede  the  evacuation  and  there  is 
a  clear  case  for  a  substantial  increase  in  design  load  factors 
and  for  features  (such  u  the  incorporation  of  flexible 
mountinp)  to  ensure  that  cabin  'items  of  mass'  would  be 
restrained  against  realistic  crash  pulses.  The  AAIB 
recommended: 

The  certification  requirements  for  cabin  stowage 
bina,  and  other  cabin  items  of  mass,  should  be 
modified  to  ensure  the  retention  of  these  items  to 
fuselage  structwe  when  subjected  to  dynamic  crash 
tMlses  substantially  beyond  the  static  load  factors 
currently  retpnred." 


There  was  also  evidence  that  some  of  the  bin  doors  cqiened 
during  the  last  moments  of  flight,  before  the  first  impact. 
The  inadvertent  opening  of  overhead  stowage  bins  has 
long  been  a  problem,  especially  in  turbulence,  and  some 
airlines  nuw  fit  bins  which  incorporate  secondary  latching. 
The  AAIB  recommended  that: 

"The  CAA  consider  improving  the  airworthiness 
requireme..,s  for  public  transport  aircraft  to  require 
some  form  of  improved  latching  to  be  fitted  to 
overhead  stowage  bins  and  this  should  also  apply  to 
new  stowage  bins  fitted  to  existing  aircraft." 

As  a  postscript  to  the  overhead  bins,  this  type  of  bin  was 
the  subject  of  a  subsequent  series  of  instrumented  dynamic 
tests  conducted  by  the  Transport  Research  Centm  of  Ohio 
on  behalf  of  the  FAA.  The  mode  of  attachment  failure 
identified  was  the  same  as  in  G-OBME.  And  in  die  first  half 
of  1992  the  US  National  Transportation  Safety  Board 
(NTSB)  published  recommendations  from  the  MD81 
accident  at  Stockholm  in  December  1991,  in  which  a 
number  of  bins  failed.  These  recommendations  recognised 
the  limitations  of  purely  static  load  tests  for  certification. 

CAA  RESPONSE 

On  23  October  1990  the  United  Kingdom's  CAA  (Civil 
Aviation  Authority)  published  a  summary  of  their  follow¬ 
up  action  on  this  accident  (ref.  4).  All  1 1  of  the  AAIB 
recommendations  detailed  above  were  accepted  by  the 
Authority. 

FURTHER  WORK  -  ’AIRCRAFT  ACCIDENT 
INVESTIGATION  TOOL’  (AAIT) 

The  use  of  the  KRASH  computer  program  as  a  part  of  the 
impact  sudy  in  the  G-OBME  investigation  was  judged  by 
AAIB  to  have  been  successful.  This  was  largely  due  to  the 
helpful  anitude  of  both  the  airframe  manufacturer  and  the 
FAA.  under  whose  auspices  the  KRASH  code  was  developed. 

The  study  was  not  ideal,  however,  and  did  highlight  a 
number  of  areas  for  improvement  of  the  simulation 
fn-ocess,  both  in  the  operation  of  the  crash  dynamics  codes 
themselves  and  in  the  creation  of  the  aircraft  model.  These 
would  enable  impact  simulations  to  be  run  in  a  more  timely 
and  cost-efficient  manner. 

Following  proposals  from  Cranfield  Impact  Centre, 
therefore,  the  MoD  and  AAIB  are  funding  a  development 
programme,  spread  over  3  years,  to  provide  a  usable  tool 
for  the  analysis  of  aircraft  impacts.  This  is  provisionally 
called  the  'Aircraft  Accident  Investigation  Tool'  (AAIT). 

CONCLUSIONS 

This  accident  highlights  three  thorny  old  realities  of 
airworthiness  codes; - 

1)  The  airworthiness  regulators  have  been  able  to  attack 
the  problems  of  seating  in  aircraft  cabins.  But  these 
improvements  can  only  be  fully  effective  if  the  floor  can 
keep  the  seats  apart  and  the  other  massive  objects  within 
the  cabin  can  be  kept  away  from  the  occupants  and  from 
their  escape  routes. 

2)  The  full  weight  of  the  current  airworthiness  code  is  only 
fully  applied  to  the  clean  sheet  of  new  type  certirications. 
After  that  it's  the  murkier  and  more  arbitrary  world  of 
derivatives  and  retrofit! 
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3)  However  good  Uieir  intentions,  nobody  cm  legislate  for 
good  design  and  this  is  as  true  for  crashworthiness  design 
as  for  my  other.  The  best  we  cm  hope  fw  is  a  level 
playing  Reid,  tended  by  active-but-sensible  regulators  with 
twin  passitms  for  aviation  and  aviation  safest 
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Figure  1  •  Crash  site  of  G-OBME 


Forward  '^lew  looking  aft 
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Figure  7 


FILTERED  LINEAR  ACCELERATION  (g)  FILTERED  LINEAR  ACCELERATICN 


Figure  6a  -  KRASH  simulation  (longitudinal  deceleration) 


Figure  6b  -  KRASH  simulation  (vertical  deceleration) 


Overwing  cuts  S^git  ittenddn!  s««t 
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Figure  7  •  G-OBME  structural  disruption 


Figure  8a  •  Seat  track  and  seat  3L  (forward  cabin) 


Figure  8b  -  Floor  beam  at  station  460  (forward  cabin) 


Figure  9a  •  Stowage  bin  attachments  (G-OBME) 


Figure  9b  •  Stowage  bins  (G-OBME) 


OCCUPANT  KINEMATICS  SIMULATION 
OF  THE  KEGWORTH  AIR  ACCIDENT 
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SUMMARY 

The  use  of  computer  simulation  in  the 
investigation  of  the  crash  of  the  Boeing 
737-400  at  Kegworth  has  highlighted  the 
importance  of  the  technique  in  aiding  the 
accident  and  medical  investigations. 

The  analysis  has  shown  the  importance  of 
adopting  a  full  brace  position  for  crash 
landing  thus  offering  significant 
protection  against  injury. 

The  major  value  of  the  study  has  shown  that 
a  unique  and  definitive  estimation  of  the 
occupant  kinematics  and  the  effects  on  the 
crash  victims  are  possible  for  an  aircrash. 

1 .  INTRODUCTION 

Historically,  crash  victim  simulations  have 
been  performed  using  anthropomorphic  test 
dummies  in  conjunction  with  sled  and 
controlled  impact  demonstrations.  The  use 
of  such  devices  in  the  reconstruction  of 
aircraft  accidents  are  costly  and  time 
consuming,  particularly  with  regard  to  the 
variation  in  pitch,  roll  and  yaw. 

within  the  last  decade,  data  preparation 
for  large  structural  analysis  computer 
models  have  enabled  prediction  techniques 
to  become  a  useful  tool  in  tne  study  of 
structural  impact  behaviour.  Recent 
advances  in  the  use  of  mathematical 
simulations  have  also  enabled  the 
replication  of  the  test  dummy  in  a  crash 
envi ronment . 

Mathematical  models  and  computer 
simulations  have  been  developed  in  order  to 
predict  the  response  of  the  body  to  high 
accelerations.  This  has  been  developed  by 
the  automotive  industry  to  simulate  the 
response  of  the  occupant  to  a  vehicle 
impact . 

The  simulation  of  the  human  being  or  test 
dummy,  like  other  complex  dynamic  systems, 
can  be  represented  mathematically  by 
considering  the  body  as  a  system  of 
elements  linked  by  rotational  or 
translational  joints.  The  stiffness 
characteristics  of  the  joints  are 
correlated  with  test.  The  ensuing  motion 
of  the  system  can,  therefore,  be  calculated 
by  solution  of  the  Newtonian  or  commonly 
the  Lagrangian  equations.  In  crash  victim 
simulations  these  equations  are  nonlinear 
since  the  forces  acting  on  the  elements  can 
vary  with  displacement  and  time. 
Accordingly,  computer  models  provide  a 
means  for  solving  the  differential 


equations  depicting  the  motion  of  the  body. 

The  impact  biomechanics  of  the  passengers 
of  the  Kegworth  air  accident  of  8  January 
1989  was  reconstructed  using  computer 
simulation.  The  objective  of  the  study  was 
to  examine  the  causation  and  mechanisms  of 
injuries  sustained. 

An  analysis  of  the  behaviour  of  the 
occupants  during  the  accident  was 
considered  important  to  maximise  the 
knowledge  on  survivability  issues.  A  study 
group  which  consisted  of  orthopaedic 
surgeons,  engineers,  and  other  specialists 
involved  in  the  treatment  of  survivors, 
known  as  the  Nottingham,  Leicester,  Derby, 
Belfast  (NLDB)  team  was  formed  to  collate 
the  injury  data  pertaining  to  the  accident. 
Detailed  information  was  collected  about 
the  survivors  and  the  deceased.  The  data 
obtained  was  used  to  correlate  the  injuries 
sustained  with  the  biomechanical  forces 
predicted  by  the  computer  simulation. 

A  mathematical  dynamics  modelling  program, 
MADYMO(I),  was  used  to  predict  the  injury 
levels  sustained  in  the  impact.  The 
program  comprises  of  two  and  three 
dimensional  versions.  The  two  dimensional 
version  was  used  as  there  was  no  lateral 
acceleration  involved  in  the  accident. 
Post-processing  was  undertaken  using 
MADPOST(2). 

The  Kegworth  analysis  consisted  of  a 
computer  simulation  of  the  motion, 
acceleration  and  force  histories  sustained 
by  the  occupants.  These  have  been 
correlated  with  injury  data.  The  analysis 
was  restricted  to  those  positions  where  the 
seats  were  retained  in  the  aircraft.  Where 
catastrophic  failure  of  the  fuselage  and 
floor  occurred,  there  was  loss  of  survival 
space  and  a  further  understanding  of  the 
detailed  mechanisms  involved  could  not  be 
undertaken. 

The  aircraft  sustained  an  impact  lasting 
2.2  seconds.  This  commenced  with  the 
initial  tail  skid  impact  on  the  east  side 
of  the  motorway,  until  the  aircraft  came  to 
rest  in  three  sections,  on  the  embankment 
on  the  west  side. 

Some  seats  were  retained  in  the  nose 
section,  mostly  crew,  and  also  in  the  tail 
section.  The  latter  over-  rode  the  central 
section,  coming  to  rest  upside  down.  The 
centre  box  section  was  the  area  of  the 
aircraft  best  preserved,  and  was  chosen  for 
the  simulation.  The  analysis  was  therefore 
most  applicable  between  row  10  and  row  20, 


that  IS,  the  overwing  area. 

A  survey  of  structural  damage  to  the 
aircraft  seats  and  floor  was  carried  out. 

In  the  overwing  area  the  floor  was  intact 
and  the  seats  had  remained  in  position. 
Examination  of  the  outboard  seats  of  the 
triple  row,  showed  d  formation  of  the  seat 
pan  and  the  front  spar  depressed  on  the 
unsupported  end. 

2 .  MODEL  DEVELOPMENT 

A  single  occupant  from  whom  a  fairly 
comprehensive  set  of  data  was  known,  was 
selected  for  the  study.  This  was  to  permit 
a  correlation  study  to  be  made.  The 
occupant  chosen  for  the  correlation  was 
seated  in  row  15,  directly  behind  the 
emergency  exit  over  the  wing.  The  occupant 
assumed  a  brace  position. 

Studies  on  a  sister  aircraft  were  used  to 
determine  a  probable  brace  position  of  the 
occupant.  This  was  supplemented  by  the 
anecdotal  evidence  of  the  survivor.  The 
latter  was  represented  by  a  Hybrid  III 
dummy  dataset.  Figure  1 . 

The  simulation  comprised  of  two  seat  rows 
with  a  32  inch  pitch.  The  front  seat  held 
a  second,  supplementary,  50th  percentile 
occupant.  This  was  for  the  purpose  of 
creating  the  correct  response  and  contact 
environment  for  the  primary  occupant.  In 
front  of  the  second  occupant  a  bulkhead  was 
modelled  to  provide  an  additional  restraint 
for  the  front  occupant. 

Most  of  the  seat  backs  have  been  designed 
such  that  if  a  a  all  force  was  applied  in 
the  forward  direction  they  would  collapse. 
The  configuration  of  this  aircraft  also 
contained  non-breakover  seats.  Thus,  with 
row  15  directly  behind  the  emergency  exit 
the  seat  backs  of  the  row  in  front,  14, 
were  of  the  non-breakover  type.  The 
computer  model  was  thus  set  up  to  represent 
the  variation  in  seat  back  torque. 

Inspection  of  the  aircraft  after  the  crash 
showed  many  locked  seat  backs  had  suffered 
total  bending  failure,  thus  the  model  was 
set  up  such  that  a  breaking  torque  was 
required  to  fail  the  seat  back. 

3.  OCCUPANT  ANALYSIS 

Although  there  was  contact  between  the  tail 
skid  and  the  ground  on  the  east  side  of  the 
motorway,  the  acceleration  levels  were 
small,  approximately  1G.  The  tail  skid 
impact  is  estimated  to  have  had  only  minor 
effects  on  the  occupants,  from  a  kinematic 
perspective.  Although  the  duration  of  the 
impact  was  for  a  period  of  2.2  seconds,  the 
occupant  simulation  was  run  for  a  period 
of  1.4  seconds,  beginning  at  the  instance 
when  the  aircraft  was  in  horizontal  flight 
over  the  motorway.  This  embraced  all  the 
significant  events  giving  rise  to  the 
forces  sustained  by  the  occupants. 

3.1  Brace  Position  Analysis 

The  computer  model  which  was  developed, 
accurately  predicted  those  injuries 
sustained  by  the  occupant  being  studied. 

The  occupant  experienced  a  double  impact 
with  the  seat  back  in  front.  Head  and  arm 


contact  occurred  between  the  facing  seat 
back.  In  the  case  of  the  'breakover' 
seats,  the  acceleration  was  sufficient  to 
release  the  seat  backs  before  occupant 
contact.  In  the  case  of  the  emergency  exit 
“non-breakover"  seats,  the  impact  of  the 
occupant  caused  structural  failure  of  the 
seat  back  frame. 

A  detailed  assessment  of  the  injuries 
sustained  by  the  occupant  in  row  1 5  was 
compared  with  the  computer  predictions  and 
is  described  below: - 

3.2  Facial  Lacerations 

The  forehead  of  the  simulated  occupant 
contacted  the  table  of  the  seat  in  front. 
Head  Injury  Criteria  (HIC)  (3)  of  just 
under  300  were  predicted,  thus  facial 
lacerations  would  be  expected  although  it 
is  unlikely  that  serious  head  injury  would 
have  occurred. 

In  the  accident,  the  site  of  the  head 
contact  was  clearly  identified  by  witness 
marks  on  the  seat  back  and  confirmed  the 
analysis.  An  indentation  mark  on  the  top 
left  hand  side  of  the  seat  back  was  thought 
to  have  occurred  due  to  elbow  strike.  This 
was  followed  by  head  strike  against  the 
horizontal  bar,  and  the  lower  portion  of 
the  seatback.  Additionally  the  levels  of 
facial  injury  were  also  as  expected.  The 
occupant  did  not  lose  consciousness.  This 
was  commensurate  with  a  head  injury 
criterion  of  about  300. 

3.3  Iliac  Crest  and  Upper  Thigh  Bruising 

The  occupant  in  row  15  sustained  iliac 
crest  and  upper  thigh  bruising.  On  impact, 
the  occupant  was  thrown  forward  and  rotated 
around  the  lap  belt.  Belt  loads  of  about 
nine  thousand  Newtons  were  predicted  which 
would  have  caused  bruising  around  the  iliac 
crest.  During  the  rebound  phase  of  the 
simulation,  the  occupant  moved  up  and 
rearward,  the  belt  slipped  down  the  upper 
legs  causing  bruising  on  the  outer  thighs. 

3.4  Lower  Limb  Injuries 

The  occupant  seated  in  row  15  sustained 
right  knee  bruising.  From  the  kinematics. 
Figure  2,  slight  contact  was  observed 
between  the  knee  and  the  seat  in  front.  It 
was  known  that  the  seat  structure  deformed 
significantly  on  the  right  hand  side  of  the 
body  which  would  have  caused  the  body  to 
twist,  pushing  the  right  knee  forward  into 
the  back  of  the  seat  in  front. 

Clinical  assessments  of  the  patients  showed 
few  soft  tissue  injuries  around  the  knee  in 
those  passengers  seated  in  this  region  of 
the  aircraft.  This  was  well  predicted  by 
the  computer  simulation  with  femur  axial 
loads  in  both  the  braced  and  unbraced 
occupants  well  below  the  accepted  limit  of 
10  KilMnewtons.  This  suggested  that 
significant  knee  contact  with  the  seat  in 
front  had  not  occurred.  Further  clinical 
reviews  showed  that  the  majority  of  femoral 
fractures  had  taken  place  in  the  central 
seat  of  the  triple  row  where  the  lateral 
spar  was  supported  by  the  seat  legs.  Where 
the  spars  were  cantilevered,  they  have 
exhibited  bending  failure  thus  resulting  in 
energy  absorption  and  consequently,  no 


femoral  fractures. 
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The  computer  model  predicted  flailing  of 
the  lower  limbs  and  contact  with  the  seat 
in  front,  when  the  lower  leg  was  positioned 
forward  of  the  knee  joint.  Figure  3.  The 
simulation  of  the  brace  position  showed 
that  should  the  lower  leg  be  kept  ten 
degrees  rearward  of  the  vertical  flailing 
of  the  legs  would  not  occur  and  no  tibial 
or  foot  contact  would  take  place  with  the 
seat  in  front. 

4.  UPRIGHT  POSITION  ANALYSIS 

Many  of  the  passengers  in  the  aircraft  did 
not  assume  a  brace  position,  and  remained 
seated  upright.  The  injury  levels  sustained 
by  these  occupants  were  examined. 

The  simulation  of  the  upright  occupants 
utilised  fiftieth  percentile  Hybrid  III 
dummy  datasets  seated  in  two  rows.  Unlike 
the  situation  for  the  braced,  where  a 
single,  well  documented  occupant  was 
selected  for  correlation  purposes,  an 
equivalent  upright  occupant  could  not  be 
identified  for  close  study.  Nonetheless, 
several  similar  occupants  were  examined  on 
a  more  general  basis. 

The  computer  predictions  of  the  injuries 
sustained  were  found  to  be  consistent  with 
injuries  of  the  survivors.  Head  injury 
criteria,  circa  1000,  were  consistent  with 
concussion.  Contacts  representative  of 
pelvic  and  lower  limb  injuries  were 
predicted. 

Medical  records  of  the  NLDB  team  showed 
that  there  was  an  increased  incidence  of 
unconsciousness  due  to  concussion  for  those 
passengers  who  assumed  an  upright  position. 

A  comparison  of  the  upright  occupant 
simulation  with  the  brace  position  showed 
considerable  differences  in  results. 
Significantly  higher  HIC,  thorax,  femur  and 
pelvis  injury  levels  were  obtained.  The 
simulation.  Figure  4,  indicated  a  higher 
degree  of  penetration  of  the  occupant  into 
the  facing  seat  back  with  increased  head, 
and  chest  accelerations.  Severe  rotation 
of  the  knee  and  foot  joints  were  also 
apparent.  These  were  attributed  to  the 
increased  relative  velocity  of  the  upper 
body  before  striking  the  facing  seat  back. 

Two  further  configurations  were  modelled  to 
investigate  the  effect  of  lap  and  shoulder 
restraints  and  rear  facing  passengers  in  an 
aircraft  accident  such  as  that  at  Kegworth. 

It  is  important  to  note  that  the  assessment 
of  the  three  point  belted  occupant  was  made 
with  a  standard  seat.  The  retractor  and 
shoulder  belt  anchorage  were  located  on  the 
fuselage  of  the  aircraft.  The  rear  facing 
seated  occupant  was  also  analysed  using  the 
same  standard  seat  design,  however,  the 
seatback  was  constrained  in  order  to  stop 
the  seatback  from  failing. 

The  results  presented  in  table  1  show  the 
percentage  comparisons  and  indicate  the 
following: - 

Taking  the  results  of  the  brace  position  as 
the  baseline  values,  the  HIC  value  for  the 
upright  occupant  has  increased  by  250%. 


Whereas,  for  the  three  point  belt  and  rear 
facing  analysis  there  is  a  decrease  of  5% 
and  45%  respectively. 

In  observing  the  chest  accelerations,  the 
result  of  the  upright  occupant  has 
Increased  by  77%.  For  the  three  point  belt 
a  decrease  of  3%  is  obtained,  whereas,  for 
the  rear  facing  position  an  increase  of  35% 
has  occurred.  However,  it  must  be 
emphasised  that  the  latter  is  well  within 
the  standard  injury  limit  of  60G  as 
specified  in  Federal  Motor  Vehicle  Safety 
Standard  (FMVSS)208.  The  increase  was  due 
to  the  seat  back  being  constrained  from 
moving  rearwards.  This  could  be  reduced  by 
the  introduction  of  a  stroking  device  at 
the  seatback  or  rear  seat  legs. 

For  the  pelvic  loads,  the  upright  occupant 
shows  an  increase  of  49%  which  is  likely  to 
cause  fracture.  This  fact  was  also 
confirmed  by  the  NLDB  team,  for  those 
occupants  who  remained  upright  suffered 
pelvic  fracture.  For  the  three  point  belt 
and  rear  facing  seats  an  increase  of  11% 
and  4%  were  observed. 

A  reduction  in  belt  load  of  58%  was 
obtained  with  a  rear  facing  seat.  The  load 
obtained  was  due  to  the  rebound  of  the 
occupant  against  the  belt.  The  seat  leg 
loads,  which  were  extracted  from  the 
interface  with  the  aircraft  floor,  show  a 
small  increase  in  load  for  the  rear  facing 
seats. 

The  femur  axial  loads  for  the  upright 
occupant  showed  an  increase  of  45%.  A 
decrease  of  1 4%  and  5%  were  observed  for 
the  three  point  belt  and  rear  facing 
positions . 

The  result  of  the  femur  vertical  force  for 
the  brace  position  showed  higher  loading 
than  the  other  parameters  considered.  It 
is  important  to  note  that  a  decrease  of  65% 
in  the  femur  vertical  component  for  the 
rear  facing  seat  was  observed. 

The  load  on  the  fibula  was  highest  with 
the  rear  facing  seat.  The  increase  was  due 
to  contact  against  the  front  seat  spar. 
This  could  be  reduced  by  the  introduction 
of  an  energy  absorbing  calf  support  at  the 
front  of  the  seat. 

The  results  of  the  foot  loads  showed  that 
the  highest  loads  obtained  were  observed 
with  the  upright  occupant.  This  was  as  a 
direct  result  of  leg  flailing. 

5.  CONCLUSIONS 

The  upright  occupant  simulation 
demonstrated  significantly  higher  HIC, 
thoracic  acceleration  and  pelvio  injury 
levels,  with  a  slight  increase  in  femur 
axial  loading.  The  upright  position 
kinematics  indicated  a  high  degree  of 
p>enetration  of  the  of  the  head  of  the 
occupant  into  the  facing  seat  back  with 
increased  head,  chest  and  knee  contact. 
However,  the  proximity  of  the  knee  to 
facing  seat  back  was  insufficient  to  cause 
major  Injury.  The  simulation  has  also 
highlighted  the  degree  of  rotation  which 
has  taken  place  at  the  knee  and  ankle 
joints.  A  significant  discovery  was  also 
made  using  the  simulation,  in  the  adoption 


of  the  seat. 


1  1-4 


of  a  new  brace  position,  as  illustrated  in 
Figure  5.  It  should  be  noted  from  this 
figure  that  the  lower  limbs  are  inclined 
slightly  rearward  of  the  vertical  to  reduce 
foot  and  lower  leg  injuries. 

The  computer  simulation  was  able  to  confirm 
and  predict  the  clinical  findings  of 
increased  head  injury  in  those  occupants 
who  did  not  assume  a  brace  position.  The 
absence  of  knee  contact  as  demonstrated  by 
soft  tissue  injuries  around  the  knee  was 
also  predicted.  This,  conclusively, 
demonstrates  that  the  reconstruction  of 
impact  biomechanics  using  computer 
simulation  is  a  valid  technique. 

The  occupant  simulation  of  the  three  point 
belt  analysis.  Figure  6,  showed  that  no 
head  contact  occurred  against  the  seat  back 
ir.  front.  However,  tibial  contact  took 
place  with  significantly  reduced  loads. 
Reductions  if;  femur  and  belt  loads  were 
also  obtained. 

The  simulation  with  the  standard 
constrained  rear  facing  seat  showed  that 
neck  hyper-extension  and  fibula  contact 
took  place.  Figure  7.  These  occurrences 
may  be  reduced  by  providing  a  higher  head 
rest  and  calf  support  on  the  seat.  The 
assessment  of  the  results  shows  that 
reductions  in  HIC  and  femoral  loads  were 
obtained,  although  it  is  expected  that  the 
HIC  level  will  increase  with  a  higher  seat 
back. 

The  major  value  of  the  computer  simulation 
was  to  show,  for  the  first  time,  that  a 
definitive  estimation  of  occupant 
kinematics  and  the  effects  on  the  victim 
was  possible  for  an  aircrash. 

6.  RECOMMENDATIONS 

The  correlation  of  the  brace  position  was 
extremely  good  considering  the  multi- 
variable,  nonlinear  nature  of  the  analysis 
models.  The  correlation  was  against  one 
crash,  studying  other  crashes  is 
recommended. 

The  importance  of  adopting  a  brace  position 
has  been  demonstrated.  Figure  5.  The 
adoption  of  this  position  should  be  drawn 
to  the  attention  of  passengers  prior  to 
every  flight.  This  is  far  more  relevant 
than  the  routine  demonstration  of  life 
jackets. 

The  trend  in  results  of  the  upright 
position  suggest  the  injury  levels  are  more 
severe  than  those  of  the  brace  position. 

The  injury  levels  obtained  have  shown  that 
the  upright  position  is  not  to  be 
recommended . 

Three  point  belts  offer  major  improvements 
in  the  levels  of  femoral  and  pelvic 
injuries,  due  to  improved  kinematics  and 
load  distribution.  Such  installations 
should  be  considered  for  small  commuter 
type  aircraft. 

Rear  facing  seats  reduce  the  levels  of 
injury  criteria  and  should  be  recommended 
for  use  in  passenger  aircraft.  The  seat 
back  must  be  strengthened  and  Increased  in 
height.  An  energy  absorbing  calf  support 
should  also  be  introduced  on  the  front  edge 


Regulations  should  control  both  femur 
bending  and  axial  compressive  loading, 
rather  than  axial  loading  alone. 

Presently,  only  axial  compressi'’e  loading 
limits  are  specified. 

The  analysis  used  in  the  simulations 
utilised  an  additional  occupant  seated  in 
the  row  in  front  to  simulate  the  forward 
contact  environment,  that  is,  a  twin  row 
analysis.  The  effect  of  the  occupant 
seated  behind  the  primary  occupant  should 
be  assessed. 

Work  should  be  conducted  to  assess  the 
occupant  kinematics  against  regulatory 
standards  with  direct  correlation  with 
sled  testing  in  order  to  improve  aircraft 
seat  design. 

The  use  of  crash  testing  to  predict 
aircraft  accidents  is  costly  and  time 
consuming,  particularly  in  accident 
investigation.  The  degree  of  pitch  and 
roll  is  not  readily  reproduceable .  Such 
parameters  are  easily  investigated  using 
computer  simulations.  This  has  been 
successfully  demonstrated  in  its 
application  to  the  Kegworth  Ml  aircrash. 
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SOMMARY 

The  Abbreviated  Injury  Score  (AIS)  and 
Injury  Severity  Score  were  calculated  for 
all  passengers  and  crew  of  the  Ml 
Keqworth  aircraft  crash.  Regional  scores 
were  significantly  higher  in  nonsurvivors 
than  survivors  of  the  impact.  Mortality 
and  ISSs  were  found  to  correlate  with  the 
structural  damage  sustained  by  the 
aircraft.  The  use  of  injury  scoring  has 
highlighted  variations  in  the  severity  of 
injuries  sustained  by  occupants  involved 
in  an  impact  aircrash.  This  information 
has  demonstrated  that  other  factors  in 
addition  to  the  force  of  the  Impact  were 
involved  in  the  causation  of  injury,  such 
as  structural  integrity,  attempts  by 
occupants  to  protect  adjoining 
passengers,  being  struck  by  loose  objects 
and  rear  facing  seats. 


1.  lyntQPggTIQH 

Injury  scoring  as  a  means  of  classifying 
the  extent  of  trauma  has  a  long  history. 
The  Abbreviated  Injury  Scale  (AIS)  is  an 
anatomical  threat  to  life  scale  that  has 
been  accepted  world-wide  as  the  system  of 
choice  for  assessing  the  severity  of  road 
related  Impact  trauma  (14).  However  the 
majority  of  impact  injury  patients  die 
because  of  more  than  one  injury.  Injuries 
that  in  themselves  would  not  be  life 
threatening  could  have  a  significant 
effect  on  mortality  when  combined  with 
other  injuries. 

Baker  et  al.  (2)  devised  a  system,  the 
Injury  Severity  Score  (ISS)  as  a  means  of 
assessing  multiply  Injured  patients. 
Injury  Severity  Scoring  has  become  an 
established  scoring  system  for  survival 
prediction  and  trauma  audit.  It  is  an 
index  of  anatomical  injury,  but  takes  no 
account  of  the  physiological  or 
psychological  effects  of  trauma.  The 
score  has  been  found  to  tie  useful  as  a 


predictor  of  mortality,  survival  time, 
hospital  length  of  stay  and  disability 
(5) .  This  has  now  led  to  a  definition  of 
a  patient  with  "major  trauma",  as  a 
patient  who  scores  an  ISS  of  sixteen  or 
more  points.  An  ISS  of  16  is  predictive 
of  a  10%  mortality  (3) . 

At  8.26  pm.  on  Sunday  January  8,  1989  a 

British  Midlands  Boeing  737-400  airliner 
crashed  whilst  attempting  an  emergency 
landing  at  the  East  Midlands  Airport, 
England.  The  aircraft  sustained  two 
impacts;  a  minor  impact  on  the  east  side 
of  the  Ml  motorway  that  caused  no 
significant  damage,  and  a  further  second 
impact  that  caused  severe  damage  on  the 
west  side  of  the  motorway  where  the 
aircraft  came  to  rest.  Fortunately  a 
small  fire  in  the  port  engine  was  quickly 
extinguished  by  the  waiting  emergency 
services . 

A  baby,  117  passengers  and  8  crew-members 
were  on  board  the  aircraft  when  it 
crashed.  Thirty  nine  passengers  died  at 
the  scene  of  the  accident  and  the  87 
initial  survivors  were  transferred  to  one 
of  four  hospitals  in  the  region  (8) , 
University  Hospital,  Nottingham; 

Leicester  Royal  Infirmary;  Derbyshire 
Royal  Infirmary;  and  Mansfield  and 
District  General  Hospital. 

Injury  scoring  (AIS  &  ISS)  has  not 
previously  been  used  to  assess  trauma  as 
a  result  of  a  major  civil  impact 
aircrash.  This  paper  reviews  the  AIS  and 
ISS  data  of  all  those  on  board  the 
aircraft  and  carries  out  a  correlation 
with  occupant  survival  and  the  structural 
damage  to  the  aircraft. 


2.  MATERIALS  AND  METHODS 

It  is  well  known  that  passengers  often 
exchange  places  or  move  to  different 
empty  seats  once  they  have  boarded  an 


aircraft  (10)  and  this  was  discovered  to 
have  occurred  on  this  flight.  Using  the 
original  'boarding'  seating  plan  and 
statements  made  by  the  survivors,  a 
definitive  seating  plan  (Figure  1)  was 
constructed.  Once  the  position  of  each 
occupant  had  been  determined,  it  was  then 
possible  to  relate  their  injury  scores  to 
their  location  within  the  aircraft. 

At  the  time  of  the  accident,  the  aircraft 
broke  into  three  main  sections  with  two 
main  areas  of  fuselage  destruction, 
forward  and  behind  the  wings  (Figures  1  S 
2) .  The  centre  section  (overlying  the 
strong  wing  torque  box)  remained 
relatively  intact.  The  accelerations 
experienced  in  this  region  of  the 
aircraft  have  been  calculated  as  being  of 
the  order  of  18G  in  the  Gx  plane 
(horizontal)  and  22G  in  the  Gz  plane 
(vertical)  (15) . 

In  the  forward  passenger  compartment  of 
the  aircraft,  overlying  the  forward 
luggage  hold,  the  floor  collapsed  with 
seats  in  rows  1  to  9  cruhed  concertina 
fashion  into  one  another.  In  the  region 
behind  the  wings,  the  tail  of  the 
aircraft  jack-knifed  through  90  degrees 
crushing  the  roof  and  disrupting  the 
fuselage  and  seating  in  this  region. 
Overhead  stowage  bins,  roof  panelling  and 
galley  equipment  became  detached  from  the 
aircraft  fuselage  on  impact. 

The  structural  damage  to  the  aircraft's 
fuselage  was  assessed  and  scored 
according  to  the  amount  of  damage 
sustained  either  to  the  floor,  walls  or 
roof  of  the  fuselage  for  each  side,  left 
and  right.  Damage  was  scored  at  each  seat 
row  on  a  scale  of  0  -  5,  with  0  the  score 
for  a  normal  structure  and  5  indicating 
that  the  structure  was  absent.  Thus  for 
any  given  row  a  score  of  0  indicates  that 
the  fuselage  remained  largely  intact  and 
a  score  of  30  that  the  fuselage  was 
completely  destroyed  (figure  2) . 

Regional  AIS  were  calculated  for  every 
person  on  the  aircraft  using  clinical 
notes  and/or  post-mortem  findings.  The 
American  Association  for  Automotive 
Medicine  Abbreviated  Injury  Score  (1985 
revision)  was  used(l) .  In  this  system  the 
body  is  divided  into  six  regions  -  head 
and  neck,  face,  chest,  abdominal  and 
pelvic  contents,  extremities  and  pelvic 
girdle  and,  general  (external) .  The 
injuries  are  scored  in  each  region  with 
an  increasing  severity  from  1  to  5.  A 
score  of  1  is  considered  a  minor  injury 
wereas  a  score  of  5  is  considered  a 
critical  injury,  survival  uncertain.  A 
score  of  6  is  possible  for  any  given 
region  but  is  considered  to  be  non- 
survivable  in  AIS  85.  Figures  4  -  8 
record  regional  maximum  AIS  for  each  seat 
position. 

The  ISS  has  been  calcuated  using  the 
system  of  Baker  et  al  (2)  as  the  sum  of 
the  squares  of  the  3  highest  regional 
Abbreviated  Injury  Scores.  Therefore  ISS 
-  AIS,,j  +  AIS,,)^  +  ^^®(3)^'  where 
AIS/jj)  ^AIS,2j  and' AIS, 3j  are  the  three 
mosi  ' sever ly  Injured  regions.  Only  the 
contribution  of  the  most  major  regional 


injury  is  used.  The  highest  ISS 
attainable  is  75  (ie.  5^  +  5^+  5^)  or  if 
any  body  region  scores  an  AIS  of  6,  an 
ISS  of  75  is  automatically  scored.  The 
ISS  is  a  non-linear  discontinuous  score, 
with  gaps  (ie.  unobtainable  scores  such 
as  7,  15,  23  etc)  becoming  more  frequent 
as  scores  approach  the  maximum  possible 
value  of  75  (7) . 


3.  RESDLTfl 

From  the  seat  plan  (Figure  1)  it  can  be 
seen  that  the  majority  of  deaths  occurred 
in  those  regions  of  the  aircraft  that 
sustained  major  structural  damage,  but 
there  was  additional  scattered  mortality 
throughout  the  aircraft. 


Figure  3  illustrates  the  ISS  of  each 
person  and  their  location  within  the 
aircraft.  The  average  ISS  of  all 
occupants  on  the  aircraft  was  28  with  a 
range  of  1  to  75.  Survivors  (those  87 
removed  from  the  wreckage  alive)  had  an 
average  ISS  of  15  (range  1-50)  and  non¬ 
survivors  (n  =  39)  had  an  average  ISS  of 
55  (range  21-75) .  Of  the  initial  87 
survivors  30  (37%)  had  an  ISS  of  16  or 
greater. 

A  significant  Increase  in  the  mortality 
rate  at  the  scene  was  seen  in  those 
regions  of  the  aircraft  with  a  structural 
damage  score  of  15  or  greater  (  Chi 
square  =  26  with  1  d.f.  p=<  0.0005  ).  The 
ISS  was  found  to  correlate  with  those 
regions  of  the  aircraft  that  sustained 
the  most  severe  structural  damage,  such 
that  an  increasing  ISS  was  associated 
with  greater  degrees  of  fuselage  damage 
(Spearman  rank  correlation,  rho  =  0.569 
with  116  d.f.  p=<  0.0005). 

The  maximum  regional  AIS,  for  each  body 
region  is  recorded  in  figures  4  -  8. 
Analysis  of  injuries  and  mortality  will 
be  further  considered  for  those  118 
occupants  seated  in  the  passenger 
compartment.  The  injury  scores  for  the 
crew  and  those  for  the  child  in  the 
mother's  arms  have  been  excluded  from  the 
analysis  because  their  seating 
arrangements  differed  significantly  from 
those  seated  in  the  forward  facing 
passenger  seats.  Deceased  occupants  were 
considered  to  be  those  39  patients  who 
died  at  the  scene  of  the  accident.  Of 
those  19  (49%)  non-survivors  to  sustain  a 
maximum  ISS  of  75  (fig  3),  the  ISS 
indicated  was  as  a  result  of  sustaining 
an  AIS  of  6  in  the  regions  of  head  and 
neck  (n  =  10,  fig  4),  and  the  chest  (n  = 
9,  fig  6).  These  injuries  could  be 
considered  to  be  immediately  fatal  and 
reflects  the  severe  destruction  that 
occurred  to  the  aircraft  in  the  region  in 
front  of  the  wings. 

The  variation  in  average  regional  AIS  in 
survivors  and  non  survivors  is 
demonstrated  in  table  1. 

Injuries  of  the  head  or  neck  (as 
indicated  by  an  AIS  of  1  or  more)  were 
sustained  by  33  (85%)  of  the  non- 
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survivors  and  31  (39%)  of  the  survivors. 
Non-survivors  sustained  significantly 
more  severe  head  or  neck  injuries  than 
the  non-survivors  (chi  square  =  37.5  with 
3  d.f .  p=<  0.0005) . 

Chest  injuries  occurred  in  38  (97%)  of 
non-survivors  and  32  (41%)  of  the 
survivors.  A  significant  difference  is 
again  demonstrated  in  the  severity  of  the 
chest  injuries  in  the  two  groups  (Chi 
square  =  87.5  with  3  d.f.  p=<  0.0005). 

Twenty  eight  (72%)  of  the  'on  scene' 
deaths  demonstrated  injuries  to  the 
abdomen  or  pelvic  contents.  This  compares 
with  29  (37%)  of  the  initial  survivors. 
Again  a  significant  difference  is  seen 
between  the  degree  of  severity  in  the  two 
groups  (Chi  square  =  30  with  2  d.f.  p=< 
0.0005) . 

Similar  findings  have  been  identified  for 
the  face,  extremity  /  pelvic  girdle  and 
the  external  regional  AIS  scores.  For  the 
face  17  (44%)  non-survivors  and  8  (10%) 
survivors  sustained  facial  injuries  but 
they  were  of  greater  severity  in  the 
deceased  group  (Fisher  exact  a 
probability  test  p=0.0016).  Extremity  or 
pelvic  girdle  injuries  were  recorded  in 
37  (95%)  of  deceased  occupants  and  65 
(82%)  of  the  survivors.  Limb  injuries 
were  more  severe  in  the  non-survivor 
group  (Chi  square  =  16.8  with  2  d.f.  p=< 
0.0002).  External  injuries  were 
demonstrated  in  all  but  two  of  the 
occupants  with  a  significant  difference 
in  the  severity  being  recorded  between 
survivors  and  non-survivors  (Chi  square  = 
16.8  with  2  d.f.  p=<  0.0002). 

The  occupants  of  the  five  rear-facing 
seats,  (occupied  by  crew  members)  will  be 
commented  on  briefly.  The  ISS  of  the 
occupants  of  the  rear  facing  seats  were 
10,  8,  5,  4  and  1,  giving  an  average 
score  of  6.  These  seats  were  located  in 
regions  of  the  aircraft  that  remained 
intact.  Statements  made  by  the  crew 
suggest  that  their  injuries  had  probably 
been  caused  by  fixtures  breaking  free. 


The  causes  of  mortality  and  mechanical 
injury  in  an  impact  aircraft  accident 
have  been  identified  as:  crushing  within 
a  collapsing  airframe;  entrapment  within 
the  wreckage;  being  struck  by  loose 
objects;  absence  or  failure  of  restraint; 
Injuries  associated  with  escape;  and 
explosive  decompression  (7  &  10) . 

Our  study  has  identified  a  high  mortality 
and  ISS  in  those  regions  of  the  aircraft 
that  sustained  severe  structural  damage. 
Survivability  and  low  injury  severity 
scores  occurred  in  those  regions  that 
remained  largely  structurally  Intact, 
with  intact  seating  and  restraint. 
Injuries  to  the  head  or  neck,  and  chest 
regions  appear  to  account  for  all 
immediately  fatal  injuries  seen  in  the 
non-survivors.  Head  or  neck,  chest  and 
abdominal  regional  injuries  are  also  seen 
to  contribute  significantly  to  high 
ISS's. 


It  has  long  been  recognised  that  if  the 
force  of  an  abrupt  deceleration  following 
an  impact  excedes  the  strength  of  the 
retaining  devices  the  passenger  will  be 
hurled  in  the  corresponding  direction 
sustaining  secondary  impacts  (5) .  In  this 
particular  accident  it  seems  that 
fuselage  failure  with  collapse  of  seating 
was  responsible  for  the  severe  crush 
injuries  seen  in  the  non-survivors. 
Conversely  in  those  areas  of  the  aircraft 
that  retained  the  integrity  of  occupant 
protection  devices,  the  devastating 
injuries  to  the  heads  and  chests  of 
occupants  were  less  frequent. 

A  number  of  occupants  who  died  at  the 
scene  sustained  ISSs  that  may  have 
indicated  survival  was  possible.  As 
indicated  above  a  cause  of  mortality  in 
impact  aircrashs  is  entrapment  within 
wreckage.  It  is  known  that  the  last 
occupant  of  the  aircrash  was  removed  some 
eight  hours  after  the  accident  and 
subsequently  died  from  his  injuries  with 
an  ISS  of  27.  In  addition  the  prescence 
of  fat  emboli  of  varying  amounts  in  all 
but  six  of  the  non-survivors  lungs  (4) 
suggests  that  some  injuries  may  not  have 
been  immediately  fatal.  Pictures  of  the 
scene  show  the  large  amount  of  debris 
within  the  fuselage  which  can  only  have 
hindered  the  rescue  services. 

Significant  differences  are  seen  in  the 
severity  of  injuries  (as  recorded  by  AIS) 
in  those  who  died  at  the  scene  and  those 
who  survived  to  be  transferred  to 
hospital.  Of  interest  only  two  survivors 
sustained  visceral  intra-abdominal 
injuries  that  required  operative 
intervention  but  28  non-survivors  had 
sustained  a  major  visceral  intra¬ 
abdominal  injury.  The  collapsing  of  the 
airframe  has  thus  resulted  in 
significantly  greater  visceral  injuries 
to  the  abdomen.  The  high  incidence  of 
hepato-splenic  injury  seen  in  fatal 
aircraft  accidents,  in  association  with 
severe  head  and  chest  injuries  has  been 
commented  on  in  the  past  (5) . 

It  can  be  seen  that  injury  scores  vary 
both  in  survivors  and  nonsurvivors  as 
well  as  within  differing  regions  of  the 
aircraft.  Why  some  individuals  sustain 
severe  or  fatal  regional  injuries  whereas 
others  do  not  is  of  great  interet  to 
crash  the  investigators?  It  is  true  to 
say  however  that  injuries  to  survivors 
seated  in  intact  regions  of  the  aircraft 
were  caused  as  a  result  of  the  primary 
forces,  and  interactions  with  the 
occupant  protection  systems  (seats  and 
restraint  system)  in  addition  to 
secondary  impacts  (as  a  result  of 
flailing)  with  the  seats  in  front.  It  can 
be  seen  that  a  wide  spectrum  of  iss 
occurred  in  the  regions  that  remained 
intact.  Factors  that  may  have  contributed 
include  individual  variation  (age,  sex, 
height,  weight  etc.),  and  the  position 
adopted  at  the  time  of  Impact.  Three 
individuals  seated  in  12D,  14D  and  15D 
(no  row  13  on  this  plane)  all  sustained 
severe  head  injuries  (AIS  =  5)  apparently 
as  a  result  of  a  blow  to  the  back  of 
their  heads.  It  would  appear  they  have 
been  struck  by  a  loose  object. 


/ 
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The  problem  of  loose  objects  is  further 
highlighted  by  the  occupants  of  rear 
facing  crew  seats.  The  majority  of 
injuries  sustained  by  the  cabin-crew  in 
these  seats  were  apparently  caused  by 
blows  from  galley  ec[uipment  which  had 
broken  free,  or  other  debris.  The  problem 
of  overhead  furnishings  and  galley 
equipment  breaking  free  from  their 
mountings  and  causing  injury  following  an 
aircraft  accident  has  been  highlighted  by 
the  American  National  Transportation 
Safety  Board  (12). 

The  two  cabin-crew  sitting  in  rear-facing 
seats  at  the  front  of  the  aircraft  each 
had  an  ISS  which  was  considerably  lower 
than  that  of  forward  facing  seat 
occupants  in  the  same  region.  Fortunately 
for  these  crew  members  they  were  seated 
in  a  strong  region  of  the  aircraft  that 
remained  intact.  The  effects  of  the 
impact  forces  on  the  occupants  around 
them  was  devastating.  The  favourable 
outcome  for  these  crew  members  raises 
again  the  question  of  the  more  widespread 
use  of  rear  facing  seats  in  commercial 
aircraft  . 

Comparison  of  ISS  scores  sustained  by 
some  of  the  occupants  with  their 
neighbours  suggests  that  passenger 
protection  by  other  occupants  resulted  in 
a  higher  ISS  for  the  protector  than  the 
occupant  being  protected.  For  example,  a 
patient  seated  near  the  front  of  the 
aircraft  protected  the  adjacent  passenger 
by  putting  an  arm  across  the  occupants 
shoulders.  The  injury  severity  score 
indicated  that  the  injuries  sustained  by 
the  protector  were  significantly  greater 
than  the  occupant  being  protected.  The 
mother  in  3F  whilst  protecting  an  infant 
sustained  an  ISS  of  41  whilst  passengers 
seated  around  had  lower  scores,  as  did 
the  infant.  Further  examples  exist  in 
occupants  seated  in  other  regions  of  the 
aircraft.  Increased  injury  to  the 
protector  may  be  related  to  the  failure 
of  that  occupant  to  adopt  a  crash  brace 
position . 

Injury  scoring  has  proved  a  usiful  tool 
for  assessing  impact  trauma  as  a  result 
of  road  traffic  accidents.  Injury 
scoring,  using  the  Abbreviated  Injury 
Scale  and  the  Injury  Severity  Score,  has 
not  previously  been  used  in  the 
assessment  of  injuries  in  a  civilian 
impact  aircrash.  Injury  scoring 
techniques  have  demonstrated  that  factors 
other  than  the  impact  forces  involved  may 
have  been  responsible  for  the  injuries 
seen  in  the  passengers  and  crew.  Such 
factors  as  entrapment  in  the  wreckage, 
failure  of  restraint,  collapse  of  the 
airframe  and  being  struck  by  loose 
objects  have  long  been  recognised  as 
causing  death  in  aircraft  accidents. 

The  automobile  Industry  has  demonstrated 
that  etiactive  occupant  safety  system 
design  with  adequate  restraint, 
bolstering  of  interiors  and  the 
maintainance  of  a  livable  volume 
decreases  the  risks  of  sustaining  injury 
and  improves  the  chances  of  survival 
(13).  However  aircraft  imbact  accidents 
involve  large  forces  and  severe  injuries 


and  mortality  is  inevitable.  However  this 
crash  and  more  recent  air  accidents  have 
demonstrated  that  survivability  is 
possible  for  large  numbers  of  occupants, 
as  long  as  the  seating  and  restraint 
mechanisms  remain  Intact. 

Future  designers  of  aircraft  must  not 
only  concentrate  on  reducing  the  number 
of  fatal  injuries,  but  also  examine  the 
cause  of  non  fatal  long  teihs  disabling 
injuries  in  an  effort  to  reduce  their 
incidence.  Only  if  the  victim  of  an 
aircrash  remains  relatively  injury  free 
can  he  escape  from  an  aircraft  in  the 
event  of  a  fire. 

5.  COMCLPBlOMa 

Variations  in  injuries  in  passengers  can 
be  quickly  identified,  using  injury 
scoring  techniques. 

Injury  severity  scores  correlate  with 
structural  damage. 

Injury  scoring  techniques  highlight 
variations  in  injuries  amongst  passengers 
and  crew  which  may  highlight: - 

Unexpected  causes  of  injury  or, 
Factors  that  prevent  injury. 

Injury  Scoring  can  provide  additional 
information  for  the  crash  investigator. 
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ISS  FOR  PASSENGERS  AND  CREW 


•  patient  in  mothers  arms  (3F) 


FIGURE  3 


Maximum  AIS  in  Occupants  -  head  or  neck 
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Maximum  AIS  in  Occupants  -  face 
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Maximum  AIS  in  Occupants 


chest 


FIGURE  6 


Maximum  AIS  in  Occupants  -  abdomen 
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Maximum  AIS  in  Occupants  -  extremities 
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Average  AIS  in  Oeeupants 


Average  AIS  Significance 
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IN  AN  IMPACT  AIRCRAFT  ACCIDENT  ? 
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SUMMARY: 

Following  the  crash  of  a  Boeing  737-400  aircraft 
on  the  Ml  motorway  near  Kegworth.  England,  on 
8  January  1989,  it  became  apparent  that  a  large 
number  of  pelvic  and  lower  limb  injuries  had  neen 
sustained  by  the  survivors. 

Had  there  been  a  fire  this  would  have  severely 
hindered  the  ability  of  the  occupants  to  escape. 

The  mechanism  of  pelvic  and  lower  limb  injuries 
in  impact  accidents  has  been  related  to  flailing  of 
the  limbs  and  axial  loading  of  the  femur.  The 
validity  of  axial  loading  of  the  femur  as  a  primary 
mechanism  of  femoral  fracture  in  an  impact 
aircraft  accident  is  questioned. 

Two  methods  of  study  have  been  used  to 
investigate  the  impact  biomechanics  of  the  pelvis 
and  lower  limb:  clinical  review  and  impact  testing 
using  anthropomorphic  dummies. 

Our  study  suggests  that  in  the  presence  of  intact 
occupant  protection  systems,  bending  of  the  femur 
over  the  front  spar  of  passenger  sea:  is  the 
primary  mechanism  of  causation  of  femoral 
fractures. 

Occupant  protection  systems  designed  for  civil 
aircraft  should  be  modified  to  accommodate 
loading  of  the  femur  over  the  front  of  the  seat. 


1.  INTRODUCTION: 

On  8  January  1989,  a  Boeing  737-400  aircraft  (G- 
OBME)  crasn^  on  the  Ml  motorway,  near 
Kegworth,  England.  The  crash  sequence  consisted 
of  two  impacts.  On  final  approach  with  reduced 
engine  power,  the  aircraft,  in  a  pitch  up  attitude, 
struck  the  top  of  the  eastern  motorway 
embankment  after  which  the  aircraft,  rotating  to  a 


itch  down  trajectory,  made  its  final  impact  at  the 
ase  of  the  western  embankment.  This  impact 
generated  high  horizontal  and  vertical  loads 
resulting  in  severe  fuselage  damage. 

Following  the  accident  it  became  clear  that  a  large 
number  of  injuries  were  sustained  by  the 
passengers  and  crew. 

In  particular,  injuries  to  the  pelvis  and  lower 
limps  were  prevalent  (Fig.l).  If  there  had  been  a 
fire,  these  injuries  would  have  severely  hindered 
the  ability  of  the  occupants  to  escape. 

Mechanisms  of  pelvic  and  lower  limb  injuries  in 
impact  accidents  have  been  related  to  axial 
loadingof  the  femur  and  flailing  of  the  lower 
limbs. TTie  following  scenario  has  found  wide 
acceptance  in  impact  accidents.  On  impact  a 
passenger  is  propelled  forwards  and  the  knees 
strike  tne  bottom  of  the  seat  ahead,  causing 
iruuries  to  the  knee,  upper  tibia  and  lower  femur. 
The  impact  forces  are  then  transmitted  up  the 
femur  driving  it  backwards  into  the  pelvis.  This 
leads  to  femoral  shaft  fractures,  hip  dislocations, 
acetabular  fractures  and  pelvic  shear  fractures. 
This  mechanism  is  a  well  described  scenario  in 
the  automobile  industry. 

This  study  questions  the  validity  of  the  above 
mechanism  in  the  seated  occupants  of  an  impact 
aircraft  accident. 


2.  METHOD: 

Two  methods  have  been  used  to  investigate  the 
impact  biomechanics  of  the  lower  limb  and  pelvis: 
i)  Clinical  review  of  the  injuries  to  the 
passengers  in  the  .  II  aircraft  accident 
li)  Impact  testing 

These  two  methods  will  be  discussed. 


2.1  Clinical  Review: 

The  case  records,  radiographs  and  post-mortem 
reports  of  all  tiie  passengers  and  crew  were 
reviewed. 

Survivors  were  interviewed  during  their  hospital 
stay  and  subsequently  up  to  one  year  later.  Initial 
interviews  at  3  days  recorded  the  incidence  and 
location  of  soft  tissue  injuries  and  during  follow-up 
visits  simple  anthropometric  measurements  were 
taken  with  particular  reference  to  the  buttock-knee 
length. 

The  influence  of  the  crash  brace  position  was 
analyzed  using  information  from  survivors 
statements,  for  those  seated  In  the  cerure  section  of 
the  aircraft  (rows  10-17  and  up  to  row  20  on  the 
port  side),  where  the  seating  remained  attached  to 
the  fuselage.  Passengers  were  asked  to  recall  the 
position  that  they  adopted  at  the  time  of  impact,  in 
particular  the  placement  of  the  lower  limbs.  If  the 
passengers  assumed  a  position  as  recommended  by 
the  British  Midland  Safety  Instruction  Card  (Fig. 2) 
they  were  classified  as  adopting  a  braced  position. 
Those  passengers  failing  to  adopt  such  a  position 
but  bracing  in  some  other  manner  were  described 
as  partially  braced.  Those  passengers  remaining 
seated  upright  were  described  as  unbraced. 


2.2  Impact  Testing: 

Impact  testing  was  performed  at  die  R.A.F. 

Institute  of  Aviation  Medicine,  Farnborough.  Thj 
impact  facility  comprised  a  wheeled  vehicle 
running  on  a  track  46m  long.  The  vehicle  is 
initially  accelerated  by  stretched  bungee  cords 
attache  to  a  bogey.  The  vehic'e  coasts 
immediately  prior  to  the  impact. 

A  multiple  row  test  fixture  was  selected  using  seats 
from  G-OBME  mounted  at  a  32  inch  seat  pitch 
(Fig. 3).  Plasticine  to  a  depth  of  0.8cm  was  placed 
on  the  posterior  spar  and  the  back  of  the  knee 
panel  of  the  seat  in  front.  Seats  were  orientated  in 
a  Gx  plane  to  simulate  -Gx  horizontal  impacts.  An 
instrumented.  Hybrid  III,  50%,  anthropomorphic 
test  device  (A.T.D.)  was  used  as  the  experimental 
model.  It  was  placed  in  the  rear  of  the  two  row 
configuration  and  in  the  outside  seat  to  enable  data 
collection.  A  50%  OGLE  dummy  was  placed  in 
the  outside  seat  of  the  forward  row  of  seats  in 
front  of  the  Hybrid  III  A.T.D. 

The  vehicle  was  fitted  with  an  accelerometer  to 
record  the  input  acceleration  of  the  test  fixture. 
Further  accelerometers  were  placed  in  the  pelvis  of 
the  Hybrid  III  A.T.D.  to  measure  -Gx  and  -l-Gz 
accelerations.  Lap  belt  loads  were  measured  with  a 
pre-calibrated  force  link  attached  in  series  to  the 
lap  belt.  Knee  shear  data  was  recorded  for  both 
knees.  Pelvis,  thigh  and  ankle  displacement  data 
was  recorded  using  the  Selspot  Motion  Analysis 
System.  All  impacts  were  recorded  on  a  high 
speed  video  camera  system. 

The  effects  of  the  brace  position,  lower  limb 
placement  and  lap  belt  tension  were  investigated  at 
vehicle  -Gx  accelerations  of  9,16  and  200.  For 
each  of  the  designated  G  levels  eight  experimental 


conditions  were  tested.  These  eight  conditions 
were  randomised  within  each  G  level .  Each 
experimental  condition  was  repeated  five  times 
and  further  randomised  within  each  G  level  In 
the  braced  position  the  dummy  was  bent  forward 
until  the  head  was  in  contact  with  die  seat  in 
front.  In  the  unbraced  position  the  A.T.D.  was  sat 
upright  in  the  seat.  Two  lower  limb  positions 
were  identified:  i)  feet  forward  at  an  angle  of  20 
degrees  to  the  vertical  and  ii)  feet  back  at  an 
angle  of  12  degrees  to  the  vertical.  The  dummy’s 
knees  were  separated  by  4  inches.  The  dummy 
was  restraineef  using  one  of  two  lap  belt  tensions, 
20  pounds  and  40  pounds.  The  tension  was  set 
using  a  spring  balance. 


3.  RESULTS: 

3.1  Clinical  Review: 

Lower  Limb  Fractures: 

237  pelvic  and  lower  limb  imuries  were  sustained 
by  the  occupants  of  G-OBME,  WiJi  142  of  these 
injuries  occurring  in  the  survivors  (Fig. 4). 

There  were  35  femoral  fractures  in  31  people  (19 
survivois  and  12  victims)  distributed  throughout 
the  aircraft. 

In  areas  of  extensive  structural  damage  (fore  and 
aft  sections)  passengers  suffered  compound 
comminuted  types  of  fracture  as  a  result  of 
disintegration  of  the  air  frame_,  seconda^  impacts 
and  crushing  (Fig. 5).  The  incidence  of  fractures 
in  the  non-survivors  was  reported  to  be  lower 
than  for  the  survivors.  This  may  be  true  but  more 
likely  represents  some  under-reporting  at  post¬ 
mortem  and  underlines  the  desirability  of 
radiographic  examination  of  all  crash  victims. 

In  the  central  section  of  the  aircraft,  structural 
damage  was  limited  and  the  seating  remained 
large^  intact.  For  occupants  seated  in  this 
section,  a  good  data  set  was  available  with  x-ray 
documentation  of  their  injuries.  Therefore,  for  the 
purposes  of  this  review,  attention  has  been 
directed  at  this  group  of  passengers. 

Fracture  Types: 

There  were  10  femoral  fractures  in  9  passengers 
seated  in  this  section  of  the  aircraft.  Many  were 
proximal  femoral  fractures.  Fracture  types 
included,  transverse,  transverse  with  butterfly 
fragment,  oblique  and  spiral  fractures  suggesting 
that  one  simple  mechanism  of  injury  could  not 
fully  explain  all  fractures. 

Soft  Tissue  Injury  and  Fractures: 

If  axial  loading  of  the  femur  was  a  primary 
fracture  mechanism  then  one  would  expect 
evidence  of  soft  tissue  injuries  around  the  knee, 
indicating  impact.  Fig. 6  shows  that  in  the  central 
section  of  the  aircraft,  16  of  the  38  occupants 
sustained  soft  tissue  injuries  around  the  knee.  In 
those  16  p^sengers  only  4  sustained  a  femoral 
fracture.  This  compares  with  7  femoral  fractures 
in  the  remaining  22  passengers  with  no  evidence 
of  soft  tissue  injury.  Thus  mere  appears  to  be  no 
relationship  between  soft  tissue  witness  marks 
around  the  knee  and  femoral  fracture. 
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Anthropometric  Measurements  and  Injury: 

Similarly  with  axial  loading  it  would  be  expected 
that  patients  with  a  greater  than  average  buttock- 
knee  length  would  show  an  increased  incidence  of 
soft  tissue  injury  around  the  knee.  This  was  -ot 
the  case  (Fig. 7). 

However,  an  increased  buttock-knee  length  was 
associated  with  an  increase  in  the  rate  or  femoral 
fracture  (Fisher  Exact  Test  p=  0.344). 

Bracing  and  Fractures: 

Six  of  the  nine  femorai  fractures  occurred  in 
individuals  who  adopted  a  braced  position,  with 
one  occurring  in  a  partially  braced  occupant  and 
two  in  patients  who  were  unable  to  recollect  the 
position  that  they  adopted  at  the  time  of  impact. 
This  apparent  increase  in  the  incidence  of  femoral 
fractures  associated  with  the  braced  position  is  not 
statistically  significant  (Fisher  exact  probability  test 
p=0.684SI). 

Seat  Damage  and  Femoral  Fracture: 

There  was  ar  association  between  the  incidence  of 
femoral  fractures  and  seat  position.  Of  those  6 
passengers  sitting  in  a  central  seat  row,  4  sustained 
femoral  fractures.  This  compares  with  five  femoral 
fractures  in  the  remaining  32  patients  not  seated  in 
a  central  seat.  This  difference  is  statistically 
significant  (Fisher  exact  test  p= 0.0398). 


3.2  Impact  Testing; 

Motion  of  the  Dummy: 

Review  of  the  high  speed  video  recordings  made  it 
apparent  that  on  no  occasions,  at  a  32"  seat  pitch, 
did  knee  contact  occur  with  the  back  of  the 
forward  seat  (as  evidenced  by  the  lack  of 
indentation  in  the  plasticine).  This  suggests  that 
significant  axial  loading  of  the  femur  does  not 
occur  as  a  result  of  knee  impact  with  the  seat  in 
front,  in  this  test  configuration. 

Flailing  of  the  lower  limbs  under  the  seat  in  front 
was  shown  not  to  apply  in  all  situations. 
Positioning  the  lower  leg  such  that  it  lies  12 
degrees  behind  a  line  drawn  vertically  through  the 
knee  prevented  flailing  of  the  lower  leg  in  aU  the 
experimental  conditions. 

Horizontal  knee  displacement  increases  with 
increasing  -Gx  acceleration  and  with  decreasing 
lap  belt  tension.  A  maximum  knee  displacement  of 
19(cm)  occurred  at  20G,  indicating  that  on  impact 
the  femur  translates  forwards  such  that  the 
proximal  femur  c^mes  to  lie  over  the  front  spar  of 
tf.e  seat. 

Vertical  knee  displacement  was  greater  when  the 
legs  flailed  (maximum  =  126mm  -P/-  4mm)  than 
when  they  did  not  (45mm  +/-  26mm).  High  speed 
video  showed  that  with  increasing  knee 
displacement  the  thigh  impinges  over  the  front  seat 
spar  to  a  greater  degree.  This  suggests  that  the 
femur  may  be  loadra  over  the  front  spar  especially 
when  leg  flail  occurs. 


The  accepted  mechanism  of  injury  to  the  femur  is 


described  below.  On  impact  a  passenger  seared  in 
an  intact  r^ion  of  the  aircraft  is  propelled 
forwards.  The  knees  strike  the  bottom  of  the  seat 
in  front  causing  injuries  to  the  knee,  upper  tibia 
and  lower  femur.  The  impact  forces  are  then 
transmitted  up  the  femur  driving  it  backwards  into 
the  pelvis.  This  is  said  to  lead  to  femoral  shaft 
fractures,  hip  dislocatio.is,  acetabular  fractures 
and  pelvic  shear  fractures. 

Evidence  provided  from  the  clinical  review  of 
passengers  seated  in  the  middle  section  of  this 
aircraft  and  from  impact  testing  suggests  that  this 
may  not  be  the  case  as: 

1)  Differing  fracture  types  were  found  including, 
transverse,  transverse  with  butterfly  fi-agment, 
oblique  and  spiral  fractures.  This  suggests  th:>t  no 
one  simple  mechanism  of  injury  explains  all 
fractures. 

Transveise  fractures  are  produced  by  bending  or 
flexural  load.  The  butterfly  fragment  transverse 
fracture  is  a  variation  on  this  theme  with  the 
added  element  of  compression  in  conjunction  with 
bending.  Oblique  fractures  are  produced  by  a 
combination  of  torque  and  compression.  Spiral 
fractures  indicate  a  torque  mechanism. 
Comminuted  fractures  with  multiple  bone 
fragments  are  usually  seen  as  a  result  of  high 
energy  transfer  with  foe  load  concentrated  over  a 
small  area. 

2)  Soft  tissue  injury  around  the  knee  was  not 
associated  with  femoral  fracture  or  an  increased 
buttock-knee  length. 

3)  Impact  testing  has  demonstrated  that  knee 
impact  did  not  occur  with  the  back  of  the  seat  in 
front  in  any  of  the  experimental  conditions. 

From  the  clinical  review  the  following  facts 
emerge: 

1)  The  typical  femoral  fracture  was  proximal. 

2)  There  was  a  significant  increase  in  the 
incidence  of  femoral  fracture  in  the  central  seats 
of  a  row.  In  these  seats  the  front  spar  is  supported 
more  rigidly. 

3)  In  the  outside  seats  the  front  spars 
demonstrated  bending. 

4)  There  was  an  increase  in  the  incidence  of 
femoral  fractures  in  people  who  adopted  a  braced 
position  and  in  those  with  longer  than  average 
femurs  although  these  differences  were  not 
statistically  significant. 

From  impact  testing  the  following  facts  emerge: 

1)  The  lower  limb  and  pelvis  appears  to  be  loaded 
at  3  fixed  points; 

a)  the  lap  strap 

b)  the  front  spar  of  the  se«t 

c)  the  posterior  spar  of  the  seat  in  front. 

2)  On  impact  the  body  is  translated  forwards  such 
that  the  proximal  femur  comes  to  lie  over  the 
front  spar  of  the  seat. 
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3)  Hyperextension  of  the  knee  occurs  when  the 
lower  legs  flail  and  vertical  knee  displacement  is 
greatest  m  this  situation. 

These  facts  suggest  that  a  bending  mechanism  may 
be  important  in  the  production  of  femoraJ 
fractures. 

It  appears  that  on  impact  the  slack  in  the  lap  belt  is 
taken  up  and  the  pelvis  is  loaded.  The  femur 
translates  forwards  so  that  its  proximal  portion 
comes  to  lie  over  the  front  spar  of  the  seat.  The 
distal  femur  is  loaded  as  it  passes  under  the 
posterior  spar  of  the  seat  in  front  and  the  loading 
IS  increased  by  flailing  of  the  lower  legs  (Fig. 8). 

This  proposed  mechanism  would  explain  why 
femoral  fractures  were  predominantly  proximal 
anu  why  transverse  fracture  patterns  were  seen. 
Moreover,  bending  failure  of  the  front  spar 
would  introduce  an  element  of  rotation  or  torque 
into  the  fracture  mechanism  thereby  accounting  for 
some  of  the  other  fracture  types  seen. 

The  increased  incidence  of  femoral  fractures  in 
those  individuals  seated  in  a  central  seat  can  be 
attributed  to  the  increased  rigidity  of  the  front  spar 
in  this  location. 

There  was  an  increased  incidence  of  femoral 
fracture  in  those  who  adopted  a  braced  position.  It 
is  interesting  that  at  impact  testing,  vertical  knee 
displacement  was  seen  to  be  greatest  in  the  braced, 
legs  forward,  position  perhaps  indicating  greater 
loading  of  the  thigh. 

Furthermore,  clinical  review  suggests  that  those 
individuals  with  longer  than  average  femurs 
sustained  more  femoral  fractures.  If  a  bending 
mechanism  is  relevant  then  with  a  longer  lever  an 
increased  bending  moment  will  be  experienced  and 
hence  fractures  would  be  more  likely. 

These  experiments  suggest  that  axial  loading  is  not 
the  primary  mechanism  causing  femoral  fractures 
in  the  seated  occupants  of  an  impact  air  crash. 

Instead  a  bending  mechanism  appears  to  be 
involved  where  the  proximal  femur  is  loaded  over 
the  front  spar  of  the  seat. 

This  research  raises  several  important  questions: 

1 .  Does  a  bending  mechanism  explain  the  pattern 
of  femoral  fractures  seen  in  the  seated  occupants 
of  an  aircraft  crash? 

2.  What  effects  do  changes  in  body  posture  have 
on  the  loads  produced  in  the  lower  limbs.  In 
particular,  bracing  with  the  feet  forward  leads  to 
an  apparent  increase  in  femoral  fractures.  Is  this  a 
result  of  flailing. 

If  flailing  does  not  occur  with  different  placement 
of  the  lower  limbs  then  how  will  this  effect  the 
loads  acting  on  the  femur  and  what  are  the 
consequences  in  terms  of  possible  other  injury 
patterns  for  the  lower  limb. 

3.  What  is  the  optimum  brace  position  for  an 
aircraft  crash? 


FIGURE  1 : 

Major  Injuries  in  Survivors 
of  the  M1  Aircrash 

(For  87  Patients  Surviving  the  Crash) 


INJURY 

No 

HEAD 

43 

THORACIC 

23 

ABDOMINAL 

2 

SPINAL 

24 

PELVIC/LOWER  LIMB 

142 

UPPER  LIMB 

59 

FIGURE  2:  Brace  Position 

From  British  Midland  Safety  Instruction  Card  1989 


Passenger  Triple  Seat 


l3-(> 

FIOURB  3; 

•^1 -  Forward  View  looking  aft 


FIGURE  4: 


M1  AIrcrash  : 
Lower  Limb  Injuries 

(Total  of  237  Injuries  in  all  Occupants) 


REGION 

NUMBER(%) 

PEOPLE(%) 

%COMPOUND 

PELVIS 

32  (13%) 

32  (25%) 

0% 

FEMUR 

35  (15%) 

31  (25%) 

3% 

KNEE 

23  (10%) 

22  (17%) 

35% 

TIBIA 

69  (29%) 

54  (43%) 

64% 

ANKLE 

50  (21%) 

42  (33%) 

54% 

FOOT 

28  (12%) 

23  (18%) 

46% 

) 
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Soft  Tissue  Witness  and  the  Presence 
of  a  Fracture  Associated  with  Axiai 

Loading 


YES 

NO 

FEMORAL  SHAFT  YES 

4 

7 

FRACTURE 

NO 

12 

15 

Fisher  p=0.6849 


>8 


Buttock  -  Knee  Length 
and  Soft  Tissue  Injuries 
Around  the  Knee 


GREATER 
THAN  MEAN 

LESS 

THAN  MEAN 

UNKNOWN 

SOFT 

TISSUE 

INJURY 

YES 

4 

9 

3 

AROUND 

KNEE 

NO 

8 

8 

Chi-square 

6 

p=0.605 

FRONT  BAR 
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ABSTRACT 

In  the  field  of  flight  safety  research  there  is  a  growing  interest 
for  mathematical  simulation  of  human  response  and  injuries 
associated  with  survivable  aircraft  accidents.  A  mathematical 
tool  can  be  very  helpful  to  evaluate  and  improve  on-board 
restraint  systems  or  to  assess  the  effectiveness  of  different  seat 
designs.  The  passenger  brace  position,  being  a  human  factor, 
can  be  evaluated  efficiently  as  well. 

MADYMO  is  a  well  accepted  integrated  multibody/finite 
element  program  for  Crash  Victim  Simulation.  Recently  the 
two-dimensional  version  of  MADYMO  was  successfully 
applied  for  reconstruction  of  scat  and  passenger  behaviour 
during  the  Ml  Kegworth  air  accident.  In  this  pa[Kr  a  brief 
description  of  MADYMO  as  well  as  three  flight  safety  .ipiMi 
cations  are  presented.  Special  attention  is  given  to  the  applica¬ 
tion  concerning  a  dynamic  scat  test  involving  a  50'^  percentile 
Hybrid  II  dummy  and  a  P3/4  dummy,  representing  a  nine- 
month-old  child,  seated  in  a  child  scat.  The  MADYMO  model 
used  for  this  application  was  validated  on  the  basis  of  sled  test 
results.  It  can  be  learned  that  MADYMO  is  capable  of  pre¬ 
dicting  passenger  and  scat  response  in  an  aircraft  crash 
environment.  A  discussion  on  future  developments  in  this 
field  concludes  this  paprer. 

INTRODt'CTION 

In  safety  research  the  simulation  of  crashes  is  of  vital  iiiipior- 
tance  in  order  to  evaluate  and  improve  safety  devices  and 
human  body  surroundir  gs.  Most  of  this  worl.  is  clone  ex|KTi- 
mentally  with  instrumented  dummies  or  human  cadavers. 
Occationally  animals  or  human  volunteers  are  used.  During 
the  past  years  a  strong  increase  could  be  observed  in  the  use  of 
computer  simulations  due  to  both  the  fast  developments  in 
computer  hardware  and  simulation  software.  .Simulation  jiro- 
grams  can  contribute  significantly  to  the  insight  into  impiact 
behaviour  of  complex  dynamical  systems,  particularly  if 
models  are  used  to  complement  experimental  work. 

Examples  of  computer  simulation  programs  for  aircraft  crash 
safely  analyses  are  KRASH,  SOMLA/SOMTA  (Seal 
Occupant  Model-Light  Aircraft/Seat  Occiiprani  Model- 
Transport  Aircraft)  and  ATB  (Articulated  Total  Body).  The 
program  KRASH  uses  masses  interconnected  by  massless 
beams  and  springs  to  model  the  crash  behaviour  of  aircraft 
structures,  while  seats  and  passengers  can  be  rcpircscnlcd  by 
mass-spring  systems  in  order  to  obtain  a  rough  indication  on 


the  injuries  sustained  [9,13]*.  Figure  1  shows  a  KRASH 
model  of  a  helicopter.  The  programs  SOMLA  and  SOMTA 
combine  a  three-dimensional  mullibody  model  of  aircraft 
occupants  with  a  finite  clement  model  of  the  seat  structure 
[3,14].  SOMLA  models  a  single  occupant,  whereas  SOMTA 
has  the  capability  to  model  up  to  tluce  passengers.  Only  a 
fixed  number  of  segments  can  be  specified  for  representation 
of  the  occupant  in  SOMLA/SOMTA.  The  ATB  program  is 
based  on  tlie  CAL  3D  mullibody  model  for  crash  victim  simu¬ 
lation  in  the  automotive  field  (1  j.  Several  modifications  were 
introduced,  c.g.  the  capability  to  apply  aerodynamic  forces  to 
the  human  body. 


Fig.  1  KRASH  model  of  a  helicopter  [13], 

Due  to  modification  of  the  Federal  Aviation  Regulations 
(FARs)  in  view  of  an  incrca.sed  on-board  passive  safety  level 
and  tlie  growing  awareness  that  a  notable  high  percentage  of 
aircraft  crashes  .are  survivable  nowadays,  the  aeronautics 
industry  starts  to  use  advanced  simulation  tools  which  are  cus¬ 
tomary  in  the  automotive  industry.  Among  these  tools  are 
several  explicit  finite  element  codes,  especially  useful  to 
determine  the  crash  Irchaviour  of  aircraft  structures,  and  the 
integrated  mullibody/finitc  element  program  for  crash 
analyses  MADYMO.  The  main  emphasis  of  this  program  is 
the  prediction  of  the  kinematics  and  dynamic  behaviour  of 
crash  victims.  Recently  the  two-dimensional  version  of  this 
program  was  successfully  applied  for  reconstruction  of  seat 
and  passenger  behaviour  during  the  Ml  Kegworth  air  accident 
llO.llj. 


Numbers  in  parentheses  designate  references  at  the  end  of 

paiK'r 
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In  ihis  paper  firsl  a  brief  description  of  MADYMO  is  given  as 
well  as  an  overview'  of  available  crash  dummy  databases. 
Than  some  earlier  MADYMfJ  flight  safety  applications  will 
be  discu.ssed,  namely  the  in-flight  escape  of  a  crew  member 
from  the  Space  Shuttle  and  a  three-dimensional  simulation  of 
seal  and  passenger  behaviour  during  the  Ml  Kegworth  air 
accident.  A  third  more  recent  example  to  be  presented  con¬ 
cerns  the  simulation  of  a  dynamic  scat  test  involving  a  50^'' 
percentile  Hybrid  II  dummy  and  a  P3/4  dummy,  representing  a 
nine-monlh-old  child,  sealed  in  a  child  rcslrainl  system. 
Simulation  results  obtained  from  this  example  will  be  com¬ 
pared  with  the  actual  sled  lest  results.  Different  concepts  for 
modelling  the  scat  structure  will  be  addressed.  A  di.scu.ssion  on 
the  possible  contribution  of  computer  simulations  to  the  over¬ 
all  flight  safety  problem  and  future  MADYMO  dcvclopmcnLs 
concludes  this  paper. 

MADYMO 

MADYMO  is  a  world-wide  accepted  engineering  analysis 
program,  developed  by  the  TNO  Crash-Safety  Research 
Centre,  for  the  simulation  of  systems  undergoing  large  dis¬ 
placements.  The  program  has  been  designed  especially  for  the 
study  of  the  complex  dynanticid  response  of  the  human  body 
and  its  environment  under  extreme  loading  conditions  like 
they  occur  in  crash  situations.  But  also  for  other  dynamic 
events,  like  the  simulation  of  vehicle  riding  and  handling  the 
program  has  been  applied  succcsfully.  MADYMO  combines 
in  one  simulation  program,  in  an  optimal  way,  the  capabilities 
offered  by  the  mullibody  approach  (for  the  simulation  of  the 
gross  motion  of  systems  of  Nrdics  connected  by  complicated 
kincmalical  joints)  and  the  finite  element  method  (for  the 
simulation  of  structural  behaviour). 

The  multibody  pan  of  the  program  uses  a  relative  description 
for  the  kinematics  of  systems  of  btxlies.  The  generation  of  the 
equations  of  motion  is  based  on  the  principle  of  virtual  work 
in  combination  with  a  recursive  algorithm  for  the  motion  of 
the  bodies.  This  formulation  offers  a  very  versatile  and  eco 
nomical  way  for  the  description  of  the  motions  in  arbitrary 
kincmalical  joints.  Figure  2  illustrates  a  number  of  standard 
joints  available  in  MADYMO  (version  50).  In  addition  to 
these  joints  a  user  can  define  new  joint  types  by  means  of  user 
defu.^d  .„mincs. 


ftaU  and  tockti  taint  ijnivt'iul 


plcnat  joint 


I'lBtstatianai  joint  Revoiute  joini  Crlindmal  joint 


To  the  biHlies  ellipsoids  or  planes  can  be  connected  for  contact 
interaction  with  other  bodies  and  the  environment.  Moreover  a 
library  of  force  motlels  is  available  including,  for  instance, 
bell  models,  airbags  and  several  lyjies  of  spring  and  damper 
elements  |4|. 

For  the  simulation  of  structural  deformations  the  multibody 
elements  can  interact  with  structures  mtxielled  with  finite  elc- 
menLs.  Triangular  membrane  elements  of  constant  thickness 
with  special  material  models  for  fabrics  have  been  imple¬ 
mented  for  the  simulation  of  airbag  dynamics  (see  Figure  3) 
[8,15,16,18).  In  addition  interfaces  are  available  between 
MADYMO  and  the  explicit  FEM  codes  PAM-CRASH,  LS- 
DYNA3D  and  DYTRAN  for  integrated  human  body-vehicle 
structural  crash  analysis  [7]. 


Fig.  3  Example  of  coupled  MADYMO  multibody/FEM 
simulation. 


MADYMO  as  an  injury  biomechanics  program  offers,  in 
addition  to  standard  output  quantities  like  displacements  and 
acceleralion.s,  which  c;m  be  visuali/ed  through  advarrced  ani¬ 
mation  and  time-history  programs,  the  [xissibility  to  calculate 
injury  criteria  like  femur  and  tibia  loads,  internal  joint  loads, 
HIC,  SI,  TTI.  and  V'C. 


Fig.  4  Some  o'  the  standard  crash  dummy  databases 
available  in  MADYMO. 

An  imjxrriant  requirement  for  an  effective  use  of  computer 
models  in  the  field  of  crash  simulations  is  that  reliable  well 
validated  descriptions  for  the  human  body  are  available. 
MADYMO  offers  a  number  of  standard  databases  for  crash 
dummies  |5|.  .Some  of  them  arc  illustrated  in  Figure  4,  i.e. 


Fig.  2  Standard  3D  kinematic  joints  in  MADYMO. 
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models  for  ihe  nine-monlh  (P3/4)  and  thrco-ycar-old  (P3) 
TNO  child  dummies,  ihc  50*^  percentile  adult  frontal  impact 
dummies  Hybrid  11  and  Hybrid  III  and  the  European  side 
impact  dummy  EUROSID.  Databases  for  the  USA  side  impact 
dummy  SID.  and  the  S'*’-  and  95'*'  percentile  Hybrid  III 
dummies  are  available  as  well.  In  addition  to  crash  dummy 
databases  also  capabilities  arc  offered  in  MADYMO  to 
generate  real  human  body  antropomclry  and  mass  distribution 
data. 

EARLIER  MADYMO  ELIGHT  SAFETY  APPLICA¬ 
TIONS 

Among  the  MADYMO  applications  and  validation  studies 
published  in  the  past  112)  are  simulations  of  occupants  in 
frontal  and  side  impacts,  pedestrians  and  cyclists  hit  by  a  pas¬ 
senger  car  front,  wheelchair  occupants  during  transport,  a 
child  in  a  child  restraint  system,  simulation  of  human  body 
segments  in  a  crash  environment  and  evaluation  of  sports  pro¬ 
tection  devices.  In  addition,  several  studies  were  carried  out 
on  truck  driver  safety,  pedestrians  and  cyclists  contacting  a 
truck  front  or  various  side  stnictures  of  the  trailer  and  motor¬ 
cycle  simulations. 

In  this  paper  first  two  earlier  flight  safety  applications  will  be 
briefly  discussed;  an  in-flight  escape  of  a  crew  member  from 
the  Space  Shuttle  and  the  three-dimensional  seat  and  passen¬ 
ger  behaviour  during  the  M I  Kegworth  air  accident. 

Space  Shuttle  escape 

The  simulation  concerns  the  in-fiight  e.scape  of  a  Space 
Shuttle  crew  member  |2|.  One  of  the  potential  methods 
evaluated  by  NASA  to  obtain  a  safe  escape  from  the  Space 
Shuttle  made  use  of  a  tractor  rocket  escape  system.  The  astro¬ 
naut  is  laying  backwards  on  a  horizontal  ramp  with  his  feet 
placed  on  a  vertical  foot  plate.  A  small  hatch  at  the  side  of  the 
Space  Shuttle  is  available  for  the  escape.  The  crew  member 
harnass  system  is  connected  to  the  tractor  rocket  by  means  of 
an  elastic  rope,  further  referred  to  as  pendant  line  After  ejee 
tion  of  the  tractor  rocket  the  pendant  line  will  become 
stretched  and  the  astronaut  is  pulled  through  the  hatch 
opening. 


zoo  ms 


Anthro(X)metry.  mass  distribution  and  joint  properties  of  the 
astronaut  model  arc  based  on  a  50'**  percentile  Hybrid  II 
dummy.  Aerodynamical  forces  on  the  astronaut  are  described 
as  an  acceleration  field.  The  propulsion  force  on  the  rocket  is 
estimated.  The  pendant  line  is  simulated  by  a  spring-damper 
clement,  both  clastic  and  damping  properties  are  estimated  as 
well.  The  Space  Shuttle  itself  is  represented  by  a  number  of 
contact  planes  to  study  the  interaction  with  the  astronaut. 
Figure  5  presents  the  simulated  astronaut  and  rocket  locations 
during  the  first  700  ms.  By  means  of  the  developed  model,  the 
influence  of  different  parameters  like  body  size,  initial 
position,  pendant  line  stiffness  and  pull  angle  on  the  astronaut 
response  can  be  investigated. 

Aircraft  seat  and  pa.ssenger  behaviour  during  a  crash 
On  the  night  of  Sunday  the  8'*’  of  January  1989  a  Boeing  737- 
400  crashed  on  the  Ml  motorway  near  Kegworth  in  England. 
Of  the  126  passengers  on  board  79  survived  the  accident.  A 
comprehensive  investigation  into  the  cause  and  effects  of  this 
accident  was  carried  out  by  a  study  group  of  representatives  of 
various  organisations.  Besides  structural,  medical  and  survival 
aspects  attention  was  paid  to  the  reconstruction  of  the  accident 
by  means  of  computer  simulations.  The  aircraft  overall 
bcliaviour  during  the  crash  was  simulated  by  Cranfield  Impact 
Centre  Ltd.  with  the  program  KRASH.  From  this  simulation 
movemems  in  lime  and  deceleration  pulses  of  different  aircraft 
seclioas  were  obtained  (9).  The  movement  and  deceleration  of 
the  mid  section  were  used  as  input  for  MADYMO  2D, 
allt  ving  an  analysis  of  seat  and  passenger  behaviour  during 
the  crash.  As  a  result  of  this  analysis,  which  was  performed  by 
HW  Structures  Ltd.,  [Xtssiblc  injury  mechanisms  could  be 
identified  )  10,1 1).  The  influence  of  different  passenger  brace 
positions  on  die  injuries  sustained  was  studied  as  well. 

The  three-dimensional  simulation  presented  here  is  based  on 
ilie  MADYMO  2D  simulations:  in  fact  all  input  data  originate 
from  a  Civil  Aviation  Authority  report  prepared  by  HW 
Structures  Ltd.  |6).  Figure  6  illustrates  the  simulated  passenger 
kinematics.  Two  aircraft  scats  behind  each  other  are  occupied 
by  50'*'  percentile  Hybrid  III  dummies,  both  dummies  are 
restrained  by  a  regular  lap  bell.  Floor  and  bulkhead  rotation  is 
prescribed  in  the  MADYMO  input  dataset.  A  scat  is  defined 
as  a  separate  system  composed  of  two  elements,  for  represen¬ 
tation  of  seat  cushion  and  scat  back  respectively.  Both  seats 
are  attached  to  the  floor  by  means  of  point-restraints,  four 
poim-reslrainls  are  used  for  each  seat.  This  model  set-up 
allows  for  attachment  deformation  to  be  taken  into  account, 
moreover  the  seals  can  easily  be  moved  in  the  model.  Gravity 
combined  with  longitudinal,  vertical  and  lateral  crash  pulse 
comjxmcnts  are  applied.  As  can  be  learned  from  Figure  6, 
quite  severe  head  impact  occurs  for  both  passengers  when 
sealed  in  lui  upright  |X)sition  initially. 

DYNAMIC  AIRCRAFT  .SEAT  TEST 
A  dynamic  aircraft  seal  lest  was  performed  by  TNO.  This  lest 
was  carried  out  in  accordance  with  FAR  regulations  (Part  25). 
To  account  for  the  effects  of  flitor  deformation  that  may  occur 
during  an  accident,  this  regulation  prescribes  the  track  on  one 
side  of  the  seat  to  be  rotated  1(1"  about  the  lateral  (pitch)  axis 
and  the  other  track  to  be  rotated  10°  about  the  longitudinal 
(roll)  axis,  as  illustrated  in  Figure  7.  For  the  test  the  seat  legs 
were  fixed  to  a  flat  steel  plate  (via  the  original  floor  tracks) 
instead.  Figure  8  shows  the  initial  test  set-up.  The  double-seal 
is  occupied  by  a  50'*’  ixtrcenlilc  Hybrid  II  dummy  and  a  P3/4 


Fig.  5  space  Shuttle  escape  simulation. 


Fig.  6  Simulated  seat  and  passenger  behaviour  during  an  aircraft  crash. 


child  dummy  in  a  child  seal.  Both  50'^  pcrccnlilc  Hybrid  II 
dummy  and  child  seal  arc  rcslraincd  by  ihc  suindard  lap  bolls 
during  ihe  lesl.  The  50*^  pcrccnlilc  Hybrid  II  dummy  was  not 
equipped  with  a  lumbar  spine  load  cell  as  prescribed  in  the 
regulations,  since  no  potential  for  spinal  injuries  was 
anticipated.  The  double-scat  was  rotated  10°  relative  to  the 
acceleration  direction  of  the  HYGE  sled.  Figure  9  shows  the 
acceleration  pulse  of  the  sled.  As  can  be  seen  in  this  ngure  the 
acceleration  pulse  applied  differs  only  slightly  from  the  ideal 
triangular  pulse  as  included  in  the  FAR  dynamic  test 
requirement.  No  .scat  suuctural  deformations  of  im[X)rlancc 
could  be  identified  after  the  test  (.sec  Figure  10).  Note  that  the 
cover  of  the  right  armrest  has  been  removed  in  this  figure.  The 
sled  lesl,  as  described  above,  was  simulated  ullli/ing  the 
MADYMO  3D  program. 

Model  set-up 

The  MADYMO  3D  model  set-up  is  given  in  Figure  1 1.  The 
double -seat  is  represented  by  a  system  composed  of  three 
elements,  for  modelling  seat  cushion  and  both  se.it  backs 
respectively.  SirKe  a  simihir  seat  design  was  tested  as  the  seals 
on-board  of  the  Boeing  737-4(X)  crashed  near  Kegworih.  most 
input  data  was  derived  from  the  Civil  Aviation  Authority 
report  prepared  by  HW  Structures  Ltd.  |fi|.  Only  a  few- 
additional  measurements  were  carried  out  in  order  to  obtain 
missing  information. 


Fig.  7  Floor  wraping  conditions  according  to  FAR  (Part 
25,  test  2)  [14], 
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_  Fig.  11  MADYMO  model  set-up  for  dynamic  seal  test 

Fig.  8  Dynamic  seat  test  set-up  , 

simulation. 


Vulidation  study 

Fifiuro  1 2  .shows  the  simululod  kinematics  of  both  dummies 
and  the  child  scat  (note  ihal  higher  order  ellipsoids  arc 
visualized  as  2^^^*  order  ellipsoids  in  this  figure).  The  valida¬ 
tion  study  presented  here  w  ill  locus  on  the  behaviour  of  the 
5()'*'  percemile  Hybrid  II  dummy.  When  comparing  the  simu¬ 
lated  kinematics  of  this  dummy  with  the  kinematics  observed 
during  the  sled  test,  it  can  be  learned  that  the  computer  model 
Iiredicts  a  slighliy  loo  fast  forw  ard  motion  of  the  upper  part  of 
die  body.  In  the  simulation  the  Hybrid  II  dummy  docs  not 
lotich  the  .seal  front  lube,  which  could  e.\plain  why  no  defor¬ 
mations  of  the  from  lube  could  be  identified  after  the  actual 
test. 

The  simulated  acceleration  components  of  the  Hybrid  II  lower 
torso  and  head  are  compared  wiih  the  aceeleratioas  measured 
during  the  experiment  in  Figure  13.  whereas  Figure  14  com- 
piues  the  sinnilaled  ,uid  experimental  lap  belt  forces.  These  lap 
belt  forces  were  recorded  al  the  left  and  right  side  of  the 
dmiiniv  pelvis.  In  general  a  fairly  good  correlation  can  be 
observed  between  simulated  and  experimental  signals.  The 
peak  at  140  ms  in  the  lateral  and  vertical  component  of  the 
lower  torso  acceleraiion  signal  is  probably  due  to  contact  with 
the  armrest  when  the  dummy  rebounds  from  the  seat.  The 
magnutide  of  the  hell  forces  is  correct,  however,  the  curve 
sha|X-s  could  be  imi'roved  further  by  taking  into  account  the 
deforinalion  .ind  rotation  of  the  belt  anchor  points. 

\I.  DFSCT  .S.SION 

Since  Us  appearance  on  the  market  the  MADYMO  program 
has  Ix'en  conlimioiisly  nuxiified  and  improved.  In  its  present 
form  the  program  ap|X’ars  to  be  a  very  useful  tool  to  users  all 
over  the  world  for  simulation  and  analysis  of  human  body 
behaviour  dtiring  a  crash  or  impact  Although  primarily  used 
for  automotive  safely  applications,  the  aeronautics  industry 
shows  an  increasing  interest  as  well.  A  lot  can  be  learned  from 
knowledge  and  techniques  which  are  common  use  in  the 
automotive  industry,  such  as  energy  absorbing  interior 
paddings,  seat  belts,  child  restraint  systems  or  airbags.  Weight, 


Fig.  10  Seat  structure  alter  the  test. 
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Fig.  14  Comparison  between  simulated  and  experimental  forces  in  the  belt  restraining  the  Hybrid  II  dummy. 


‘'owover,  is  always  a  cnniplicaiing  factor  in  this.  For  energy 
absorbing  constructions  often  additional  material  is  reiitiired.  a 
strong  reaction  surface  or  strucltre  is  often  desireble  a.s  well. 
A  strong  floor  structure  for  example  is  an  imirortant  starting 
condition  for  improving  passenger  safety  on  board  of  civil 
aircraft.  Another  step  could  be  to  adjust  the  seat  breakover 
stiffness,  to  incorporate  an  energy  absorbing  structure  in  the 
back  of  the  lower  end  of  the  seat  back  and  to  cover  hard  parts 
..iiich  could  interact  with  the  occupant  lower  extremities  with 
a  padding.  Special  attention  should  be  paid  to  jiassengers 
facing  a  bulkhead  or  galley.  Hight  attendant  (r.-arward  facing) 
seat.s.  pilot  interaction  with  the  environment,  on  board  chihl 
seats  and  equipment  restraints. 

From  the  research  presented  it  can  be  learned  that  the  current 
MADYMO  version  is  suitable  for  simulating  aircraft  seat  and 
passenger  response  during  an  actual  criLsh  or  standard  dynamic 
seat  lest.  Since  no  .seat  structural  deformation  ol  importance 
was  observed  after  the  dynamic  scat  test  presented  here  and  no 
pre  deformed  state  for  the  seat  legs  was  initiated  (.is 
prescribed  in  FAR  Part  Z.*!)  to  start  with,  it  was  decideil  to 
model  the  lower  part  of  the  seal  as  a  rigid  body  When  there  is 
a  predominant  impact  load  component  in  the  vertical  direc 
lion,  as  in  the  "14  G  dynamic  seal  lest",  a  consider.ible 
deformation  of  the  seat  from  lube  and/or  seal  legs  is  likely  to 
occur.  In  the  latter  case  the  lower  part  of  the  seal  can  be 
modelled  with  several  rigid  elements  interconnected  by  loiiils. 
For  this  purpose  the  stiffness  properties  of  slrucliire  com 
ponenls  have  to  be  translated  into  joint  proiierlies.  The  same 
holds  for  a  pre-deformet  state  of  the  seal  legs  Figure  I.S 
illustrates  a  possible  set  up  for  a  deformable  seal  model, 
including  four  different  joint  types.  Figure  16  shows  an  other 
example  of  this  .so-called  luiiqvd  mass  modelling  technique,  a 
model  of  the  side  structure  of  a  piLssengcr  car  This  model  was 
used  to  evaluate  the  effect  of  vehicle  modifications  on  the 
injuries  assessed  by  the  ElJROSIl)  1  dummv  silting  m  the  c.ir 
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Fig.  15  Possible  MADYMO  model  set  up  foi  a  de¬ 
formable  aircraft  seat. 

Iiisleavl  of  the  lumped  mass  approach  for  representation  of 
siriicltiral  deformations,  a  finite  e'micnt  model  can  be  used. 
This  approach  has  the  advantage  that  defomiing  structures  can 
he  analysed  more  in  detail,  a  disadvantage  obviously  is  the 
fact  that  ininil  file  generation  as  well  as  the  calculation  itself 
lake  more  time.  .So.  parametric  studies  become  more  labo¬ 
rious.  Future  developments  in  both  the  mullibody  and  finite 
element  part  of  MADYMO  are  directed  to  offer  the  user  an 
ojilimal  analysis  t  ail  in  this  res])ect 
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Fig.  16  MADYMO  representation  of  the  side-structure  of  a  passenger  car. 
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SUMMARY 

Numerical  simulation  can  play  a  key  role  in  design 
for  crashworthiness  and  accident  investigation. 
This  paper  presents  recent  work  in  the  develop¬ 
ment  of  occupant  simulation  techniques  for  the 
automotive  industry,  and  describes  how  the  same 
techniques  may  be  applied  to  aircraft 
crashworthiness 


1.0  INTRODUCTION 

In  the  automotive  industry,  recent  work  has 
focused  on  the  development  of  an  integrated 
approach  to  vehicle  crashworthiness  and  occupant 
protection.  Previously,  several  different  analytical 
approaches  were  used  during  the  design  process. 
Lumped  parameter,  framework,  finite  element 
continuum  and  occupant  models  were  all 
developed  using  different  software  packages. 
Frequently,  different  expert  analysts  were  needed 
to  drive  each  code  and  there  was  no  means  of 
establishing  continuity  or  comparability  between 
the  different  types  of  model 

Where  occupants  and  structure  are  treated 
independently,  however,  a  fundamental  difficulty 
exists  the  two  systems  interact  in  reality,  and  it 
Is  technically  incorrect  to  model  them  separately. 
This  is  particularly  true  of  vehicle  side  impact,  in 
which  the  occupant  interacts  with  the  interior  of 
the  door  structure  In  vehicle  frontal  impact, 
knee-bolster  design  requires  careful  consideration 
of  how  the  legs  of  the  occupant  influence  the 
deformation  of  the  bolster  Airbags  provide  a 
further  example  the  loading  on  the  occupant 
arises  from  complex  interactions  with  the  bag 

This  paper  illustrates  how  one  single  computer 
program,  OASYS  DYNA3D,  can  now  be  used  in  a 
realistic  fashion  to  address  all  of  the  important 
aspects  of  impact  in  a  single  three-dimensional 
simulation  Extensive  quantitative  correlation  has 
been  carried  out  against  vehicle  sled  tests  and  the 


most  useful  results  are  summarised. 

The  techniques  described  below  can  also  be 
applied  to  the  aerospace  industry.  They  may  be 
used  during  the  design  process  to  optimise 
occupant  protection  features,  and  they  may  also 
be  used  during  accfdent  Investigation  to  analyse 
the  causes  of  occupant  Injuries. 

OASYS  DYNA3D  (Ref  1)  Is  based  on  the  LS- 
DYNA3D  program  developed  by  Dr  J  0  Hallquist 
(Ref  2).  Dr  Hallquist's  pioneering  work  with  LS- 
DYNA3D  has  been  adopted  by  automotive 
manufacturers  world-wide  for  crashworthiness 
applications.  OASYS  DYNA3D  and  its  pre-  and 
post-processors  are  Quality  Assured  and  contain 
a  number  of  unique  features  purpose-written  for 
occupant-related  analyses,  eg.  occupant 
positioning  software  and  new  seat  belt  algorithms. 


2.0  OCCUPANT  MODELS 

The  use  of  numerical  models  for  the  analysis  of 
occupant  response  is  well  established.  The  most 
common  representation  of  a  dummy  is  as  a  series 
of  rigid  ellipsoids.  This  section  describes  how 
recent  work  has  developed  structurally  faithful 
models  of  biofidelic  dummies. 

2.1  Rigid  Ellipsoid  Models 

In  the  simplest  analytical  sirrxjlations,  occupants 
are  often  modelled  as  a  series  of  rigid  bodies 
representing  head,  neck,  upper  torso  etc  .  linked 
together  to  form  a  mechanism.  The  rigid  bodies 
are  commonly  ellipsoidal. 

It  Is  straightfonvard  to  represent  occupants  in  this 
way  using  OASYS  DYNA3D,  since  all  the  requisite 
features  (rigid  bodies,  joints  and  rotational  springs 
and  dampers)  are  available.  Figure  1  shows  an 
OASYS  DYNA3D  ellipsoidal  model  of  a  standard 
automotive  Industry  dummy  (HYBRID  III).  The 
geometry,  masses  arxl  Inertias  have  been  taken 
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from  published  data  (Ref  3). 

The  ellipsoidal  representation  does,  however,  have 
disadvantages  when  interaction  with  restraint 
systems  is  considered  Belts  or  harnesses  can 
slide  off  ellipsoids  too  easily  or  even  become 
stuck  in  the  'valley'  between  t  vo  ellipsoids 

2.2  Geometrically  Accurate  Modela 

OASYS  DYNA3D  places  no  restrictions  on  the 
geometry  used  to  build  an  occupant  model,  and 
the  occupant  'limbs'  do  not  have  to  be  ellipsoidal. 
More  accurate  representation  of  a  dummy's 
surface  geometry  is  easily  implemented,  and  the 
authors  have  developed  a  family  of  HYBRID  III 
dummy  models  using  data  digitised  from  the 
dummies  themselves.  Figure  1  also  shows  three 
of  the  OASYS  DYNA3D  HYBRID  III  occupants  -  a 
large  male  (95th  %ile).  standard  male  (50th  %ile) 
arxJ  small  female  (5th  %ile).  Intermediate  sizes 
may  also  be  generated. 

Modelling  of  the  dummy's  correct  surface 
geometry  allows  improved  Interaction  with 
restraint  systems.  Sliding  of  a  belt  over  the 
shoulder,  for  example,  can  be  modelled  more 
accurately 

2.3  Blofidellc  Models 

Although  representation  of  the  occupant  as  a 
series  of  rigid  bodies  is  sufficiently  accurate  for 
many  applications,  there  are  occasions  when  a 
more  rigorous  modelling  approach  is  required.  In 
vehicle  side  impact,  for  example,  the  compliance 
of  different  dummy  components  is  extremely 
important  Injury  criteria  can  only  be  predicted 
with  confidence  if  the  internal  structure  of  the 
occupant  is  modelled 

In  a  recent  programme  of  work  sponsored  jointly 
by  the  Transport  Research  Laboratory  and  Ford 
Motor  Company  Ltd  ,  the  authors  have  developed 
an  accurate,  validated  numerical  model  of  the 
EUROSID  1  side  impact  dummy  Figure  2  shows 
the  OASYS  DYNA3D  model  of  the  dummy  The 
model  is  significantly  more  complicated  than  the 
rigid  surface  dummies  shown  in  figure  1.  Those 
components  which  are  likely  to  deform  during  the 
side  impact  event  have  been  modelled  as  non- 
rigid  elements  (If  is  worth  mentioning  that 
OASYS  DYNA3D  was  originally  developed  as  a 
general  finite  element  program  for  the  dynamic 
analysis  of  rion-linear  three-dimensional 
structures,  and  has  a  wide  range  of  models  for 
deformable  materials) 

The  development  methodology  used  was  to  start 
with  models  of  individual  components,  and  to 
calibrate  each  component  rrxxlel  against  test  data. 


An  example  of  this  is  shown  in  figures  3  and  4. 
Rib  injury  Is  common  in  side  Impact  events,  and 
the  EUROSID  dummy  has  three  separate  rib  units 
used  to  assess  rib  injury  criteria  Figure  3  shows 
the  finite  element  model  of  an  impact  test  on  a 
single  rib  assembly,  and  figure  4  shows  the 
response  of  the  rib  under  impact  In  cases  where 
existing  test  data  was  inadequate  for  correlation 
purposes,  further  tests  were  commissioned. 

Once  satisfactory  performance  was  obtained  from 
the  component  irradels,  they  were  combined  to 
form  the  complete  dummy  model.  A  further  set  of 
correlation  exercises  was  then  undertaken, 
including  sled,  impactor  and  drop  tests.  These 
allowed  the  Interaction  between  components  to  be 
calibrated. 

Figure  5  shows  the  sirrxjlation  of  a  typical 
impactor  test  on  a  complete  dummy  model.  The 
occupant  is  oriented  In  a  seated  position  and 
stmck  by  an  impactor  moving  laterally.  Figure  6 
compares  the  predicted  rib  acceleration  with  test 
data  These  results,  used  to  assess  TTI  (Thoracic 
Trauma  Index)  injury  criteria,  could  not  be 
obtained  in  this  way  by  use  of  a  rigid  body 
representation  of  the  dummy. 


3.0  RESTRAINT  SYSTEMS 

New  algorithms  have  been  written  for  OASYS 
DYNA3D  to  represent  seat  belt  systems  including 
sliprings,  retractors  and  pretensioners.  These 
were  written  with  automotive  applications  in  mind, 
and  have  been  used  extensively  in  vehicle 
crashworthiness  projects.  They  can,  however,  be 
used  for  any  belted  restraint  system  such  as  a 
pilot  harness  or  airline  passenger  lap  belt. 

The  features  can  be  included  in  simulations  with 
negligible  increase  in  computing  execution  times. 
This  section  describes  the  new  features 

3.1  Belt  Webbing 

The  belt  webbing  is  represented  by  a  series  of 
one-dimensional  tension  only  elements,  with  user 
defined  force-elongation  characteristics  for 
loading  and  unloading  These  characteristics  may 
be  derived  from  dynamic  tests  performed  in  the 
laboratory 

3.2  Sliprings 

Sliprings  play  an  important  part  in  the  performance 
of  the  belt.  Material  feeds  through  from  ttie 
retractor  section  Into  the  shoulder  section,  and 
from  the  lap  section  Into  the  shoulder  section,  so 
motion  at  shoulder  level  results  In  tensioning  of 
the  whole  belt  including  the  lap  section.  For  this 
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reason  it  is  inadequate  to  model  the  belt  simply  as 
a  spring  element  attached  to  the  D-ring  and 
shoulder,  the  process  of  feed-through  must  be 
included  A  slipring  feature  has  been  added  to 
OASYS  DYNA3D  to  represent  this  belt  elements 
can  pass  through  the  slipnng,  resisted  by  friction 

3.3  Retractors 

The  retractor  adds  significant  compliance  to  the 
belt  system:  even  when  an  inertia-reel  retractor 
locks,  webbing  can  still  be  drawn  off  the  drum  due 
to  film  spool  effect. 

The  retractor  feature  in  OASYS  DYNA3D  allows 
material  to  be  fed  from  the  retractor  into  the  belt 
or  reeled  back  into  the  retractor  from  the  belt. 
Before  locking,  material  is  reeled  in  under 
constant  tension,  this  allows  initial  form-finding  to 
take  place  Once  locked,  webbing  may  be  pulled 
out  according  to  a  user-defined  force  vs  pull-out 
curve 

3.4  Pretensioners 

Pretensioners  tighten  the  seat  belt  during  the 
initial  phases  of  a  crash.  There  are  two  main 
types:  those  that  act  to  rotate  the  reel  of  the 
retractor,  and  those  that  act  to  move  the  stalk 
anchorage  rearwards. 

In  OASYS  DYNA3D,  both  types  can  be 
represented  The  retractor  type  is  simulated  by 
entering  a  pull-in  vs  time  curve,  while  the  stalk 
anchorage  can  be  moved  using  a  preloaded  spring. 

3.5  Weblockers 

A  pair  of  toothed  cams  grip  the  belt  near  the 
retractor  to  limit  compliance  due  to  spool-out 
These  devices  are  simulated  by  entering  a  stiffer 
characteristic  for  retractor  pull-out. 

3.6  Tearweb* 

A  length  of  belt  is  sewn  up  concertina-style,  when 
the  force  reaches  a  given  level  the  threads  pull 
out,  resulting  in  a  controlled  dissipation  of  energy 
These  features  may  be  modelled  by  adjusting  the 
stretch  characteristics  of  the  belt  elements  at  the 
tearweb 

3.7  interaction  with  Occupant 

Contact  between  belt  and  occupant  is  achieved 
using  the  standard  OASYS  DYNA3D  contact 
algorithms.  In  this  way,  sliding  of  the  belt  over  the 
chest  or  off  the  shoulder  can  be  represented. 
Surface  stiffnesses  are  adjusted  to  represent  the 
compliance  of  the  different  body  regions  of  the 
dummy 


4.0  AIRBAQ  MODELS 

Airbags  are  becoming  increasingly  common  in 
automotive  vehicles,  especially  in  the  United 
States  of  America.  They  are  also  found  in  some 
aircraft,  particularly  helicopters 

This  section  describes  the  approach  to  airbag 
modelling  that  has  been  adopted 

The  principal  concern  has  been  to  avoid  excessive 
computer  run  times:  since  the  models  are 
intended  to  be  used  as  a  design  tool,  fast  turn¬ 
around  time  Is  a  big  advantage.  The  number  of 
elements  used  to  represent  the  airbag  must  be 
limited  to  a  few  hundred,  and  consequently  the 
unfolding  process  (which  typically  requires  several 
thousand  elements)  cannot  be  simulated. 
However,  in  the  majority  of  cases  interaction 
between  bag  and  occupant  does  not  commence 
until  the  bag  is  fully  inflated  so  the  unfolding 
process  need  not  be  modelled.  The  approach 
employed  by  the  authors  has  been  to  use  a 
coarsely  meshed  pre-inflated  airbag. 

When  the  occupant  Is  out  of  position  arid  interacts 
with  the  airbag  as  it  unfolds,  a  finer  mesh  is 
required.  Hallquist  (Ref  5)  is  currently  refining  the 
very  complex  contact  algorithms  which  are 
required  if  this  is  to  be  done  properly. 

4.1  Bag  Material 

An  isotropic  'smeared  wrinkle'  material  model  has 
been  written  to  represent  the  bag  This  adopts  a 
simple  but  robust  algorithm  which  has  been  found 
to  work  well.  Although  differences  in  warp  and 
weft  stiffnesses  are  ignored,  the  level  of  accuracy 
is  appropriate  to  the  level  of  modelling  of  the 
occupant 

4.2  Gas  Representation 

The  presence  of  gas  inside  the  bag  is  represented 
by  pressure  applied  over  the  inner  surface. 
Although  OASYS  DYNA3D  contains  the  gas  law 
algorithms  developed  by  Hallquist  (Ref  2),  at  this 
stage  simple  pressure  vs  time  curves  have  been 
used  The  curves  were  derived  from  pressure 
histories  measured  during  actual  sled  tests. 


5.0  OCCUPANT  SPACE  MODELLING 

As  well  as  modelling  the  occupant  and  safety 
features  such  as  belts  and  airbag,  it  Is  important 
to  consider  the  occupant  space.  The  deceleration 
of  the  occupant  space  is  the  primary  Input  to  the 
crash  event. 

Occupant  spaces  may  be  rigid  or  deformable. 
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Surfaces  such  as  floor  pans,  dash  facia  (In 
automotive  vehicles)  or  bulkheads  (in  aircraft) 
would  usually  be  modelled  as  rigid.  Dedicated 
energy  absorbing  features  such  as  knee-bolsters 
or  seat  pans  (in  vehicles)  or  other  seats  (in 
aircraft)  would  usually  be  modelled  as  deformable 
They  could  be  modelled  explicitly  using 
deformable  elements,  or  as  rigid  planes  with  user- 
defined  'ride-down*  characteristics. 

Figure  7  shows  the  OASYS  DYNA3D  repre¬ 
sentation  of  the  Hyge  rig  used  In  vehicle  sled 
tests  A  small  number  of  rigid  elements  are  used 
to  provide  contact  planes  The  whole  sled  Is 
treated  as  rigid,  except  that  the  seat  is  free  to 
translate  vertically  relative  to  the  sled  and  the 
seat  pan  and  knee-bolsters  can  translate  normal 
to  their  surfaces  All  of  these  relative  motions  are 
resisted  by  non  iinear  spring  elements  providing 
the  'ride-down*  characteristics  The  crash  pulse 
is  applied  as  a  velocity  input. 

This  sled  model  was  used  for  the  correlation 
exercises  described  in  Section  6  0  below 


6.0  CORRELATION  WITH  TEST 

Correlations  have  been  carried  out  with  vehicle 
sled  test  data  for  the  following  cases; 

30mph  Belted 
35mph  Belted 
30mph  Driver  side  Airbag 
30mph  Passenger  side  Airbag 

In  each  case  results  from  two  sled  tests  were 
available 

6.1  Betted  Teste 

Figure  8  shows  a  sequence  of  elevations  on  the 
sled  at  0,  60ms.  90ms  and  120ms  for  the  30mph 
belted  test  Correlation  with  test  results  is  given 
in  figure  9  for  chest  and  head  resultant 
accelerations,  head  trajectories,  and  forces  in  the 
shoulder  belt,  lap  belt  and  retractor  A  similar 
correlation  exercise  was  performed  for  the  35mph 
belted  test 

In  general,  results  show  good  agreement  The 
discrepancies  which  arise  may  be  partly  due  to  the 
following  factors: 

the  chest  compliance  may  be  urxferestlmated 
thus  reducing  the  forward  motion  of  the  head. 

contact  between  arms  and  facia  at  70ms  is 
probably  too  severe.  In  reality  the  arms 
strike  the  edges  of  the  foam  which  Is  used  In 
the  sled  as  a  knee-bolster. 


the  foot  to  floor  contact  is  unrealistically 
stiff,  causing  spikes  in  the  acceleration 
traces  at  around  40ms.  particularly  In  the 
pelvis. 

The  time  history  post-processor  OASYS  T/HIS 
allows  filtering  of  results  to  standard 
specifications  (e  g  Channel  filter  Class  180),  and 
calculation  of  HIC  (Head  Injury  Criteria)  and  3ms 
Clip  values.  For  example  the  30mph  simulation 
showed  HIC  of  807  (against  710  and  652  from 
test)  and  Chest  3ms  Clip  of  41  (against  37  from 
both  tests).  Given  the  well-known  variability  of 
HIC  values  these  results  are  considered 
satisfactory. 

Run  time  was  150  minutes  on  a  low  cost 
workstation  for  a  140ms  simulation. 

6.2  Driver  Side  Airbag 

Elevations  of  the  sled  are  shown  in  figure  10. 
Chest  and  head  accelerations  are  compared  with 
test  in  figure  1 1 . 

Correlation  Is  good  for  all  variables  Including  head 
acceleration.  The  analysis  took  225  minutes  to 
run  to  140ms  on  a  workstation.  The  processing 
times  required  for  these  simulations  would  be 
reduced  significantly  if  run  on  a  supercomputer. 


7.0  FURTHER  DEMONSTRATIONS 

As  mentioned  in  the  introduction  to  this  paper,  a 
vehicle  occupant  often  interacts  with  the  occupant 
space  in  such  a  way  that  the  occupant  response 
and  vehicle  structure  response  need  to  be 
considered  simultaneously.  This  Is  usually  the 
case  when  the  corrvliance  of  the  structure  (e.g. 
a  knee-bolster)  is  of  the  same  order  of  magnitude 
as  the  compliarce  of  the  occupant. 

Figure  12  shows  examples  of  the  Integrated 
approach  to  combined  vehicIe/occi^)ant  modelling. 
In  figure  12(a).  a  sled  rrxxJel  similar  to  those 
described  in  section  6  0  has  been  errharrced  to 
include  a  finite  element  nrK)del  of  selected 
structural  components.  The  velocity  input  to  the 
sled  has  been  replaced  by  a  lumped  parameter 
representation  of  the  front  of  the  vehicle,  and  the 
single  rigid  plane  knee-bolster  has  been  replaced 
by  a  detailed  shell  element  representation.  In 
figure  12(b),  even  more  of  the  structure  has  been 
modelled  explicitly. 

Figure  13  shows  a  much  more  sophisticated 
analysis.  In  which  a  HYBRID  It  dummy  has  been 
Included  m  a  full  shell  model  of  the  vehicle  body. 
A  model  like  this  typically  requires  many  hours 
processing  time  on  a  supercornputer,  but  allows 
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the  full  and  proper  consideration  of  the  Interaction 
between  vehicle  and  occupant. 

One  of  the  advantages  of  the  integrated  modelling 
approach  Is  the  ability  to  develop  continually  an 
analytical  crashworthiness  model  as  the  design  of 
the  vehicle  progresses.  In  the  Initial  stages  of 
design,  a  simple  model  will  allow  parametric 
studies  to  aid  design  optimisation.  Towards  the 
end  of  the  design  process,  full  vehicle  models  can 
support  crash  tests  In  the  testing  ground.  The  use 
of  one  single  modelling  approach  throughout  the 
design  process  can  bring  great  benefits. 


8.0  CONCLUSIONS 

A  single  code,  OASYS  DYNA30,  which  Is  already 
In  use  for  vehicle  structure  analysis,  has  been 
shown  to  be  capable  of  delivering  realistic  fully 
three-dimensional  occupant  slnoulatlons. 

A  broad  analytical  approach  to  occupant  modelling 
has  been  developed.  For  some  applications,  a 
rigid  ellipsoidal  model  will  suffice.  When 
Interaction  with,  for  example,  belt  systems  is 
required,  a  geometrically  accurate  rigid  model  may 
be  used.  In  cases  where  the  relative  stiffness  of 
occupant  and  structure  Is  similar,  or  where  the 
deformation  of  dummy  components  Is  used  to 
assess  Inlury  criteria,  a  more  complicated  model 
Is  available  At  all  levels  of  complexity,  extensive 
correlation  exercises  have  been  performed 
successfully. 

Correlations  with  sled  test  results  are  good  for 
belt  arxl  airbag  restraint  systems. 

Good  results  can  be  achieved  using  simple  models 
which  take  relatively  little  computer  time,  even 
when  airbags  are  Involved. 

A  fully  Integrated  calculation  is  possible,  In  which 
occupant,  vehicle  structure,  restraint  system,  and 
the  Interactions  between  these  Items  are  present. 

These  techniques  may  also  be  used  for  aircraft 
occupant  simulation  -  both  as  a  design  tool  to 
optimise  restraint  systems  and  as  an  accident 
'nvestigatlon  tool  to  reconstruct  occupant 
behaviour  during  Impact  events. 
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Figure  9.  30mph  Belted  Sled  Test  Correlation. 
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(b)  Head  Resultant  Acceleration 
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Figure  11.  Driver  Side  Airbag  Sled  Test  Correlation. 
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Figure  13.  Combined  Vehicle  and  Occupant  Crash  Model 
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Summary: 

The  research  use  of  manikins  for  test 
and  evaluation  of  escape  and 
crashworhty  seating  systems,  life 
support  devices  and  a  variety  of  safety 
equipment  is  well  documented  by  the 
military  and  automotive  communities . 
The  manikin  functions  to  load  the 
aircraft  or  automotive  seating  system, 
interacting  with  the  surrounding 
environment  and  optimally  simulates 
human  biodynamic  response  to  transitory 
acceleration.  Ideally,  the  manikin 
response  closely  approximates  human 
responses,  enabling  direct  comparison 
and  correlation  to  known  human  test 
data.  However,  manikins  provide  only  a 
partial  correlation  to  humans,  having 
limited  biofidelity  and  biodynamic 
response.  The  requirement  to  measure 
and  quantify  the  3D  response  of  the 
manikin  have  imposed  significant 
electronics  and  instrumentation 
requirments,  further  complicating  the 
attempts  to  provided  improved 
biodynamic  response  characteristics  to 
the  manikin.  Consequently,  the  new 
generation  of  advanced  manikins  must 
provide  the  biofidelity  of  its  human 
counterpart,  while  concurrently 
supporting  the  instrumentation  and  high 
density,  low  cost  electronics  to 
measure  and  record  the  response 
dynamics . 

This  publication  details  the  design  and 
development  of  an  enhanced  manikin  form 
incorporating  all  instrumentation  and 
data  acquisition  capabilities  to  record 
and  reconstruct  the  six  degree  of 
freedom  response  of  the  manikin.  The 
manikin  is  designed  to  enhance 
biofidelity  and  provided  a  three 
dimensional  biodynamic  response, 
attempting  to  approximate  that  of  the 
human.  These  objectives  resulted  in 
the  implementation  of  an 
omnidirectional  response  flexible  spine 
and  pelvis  assembly. 

Introduction: 

Historical  Manikin  Development: 

The  earliest  recorded  testing  involving 
an  anthropometric  dummy  was  conducted 
by  Start  and  Roth  (1944)  of  Dornier 
Werke  in  the  development  and  testing  of 
an  ejection  seat  for  the  D033S 
aircraft .  The  dummy  was  a  simple 
wooden  form  used  primarily  for 
ballasting  the  seat  with  representative 
body  weights.  The  GARD-CG  dummies, 
historically  employed  for  escape  system 


testing  serve  more  as  an 
instrumentation  platform  than  a  test 
article  to  quantify  seat  occupant 
interaction.  Within  the  frame  work  of 
dynamic  testing  they  provide  a 
convenient  structure  to  mount 
instrumentation  and  telemetry  packages, 
provide  ballast  to  alter  seat 
acceleration  profiles  and  are  used  to 
represent  typical  anatomical  cross 
sections  as  subjected  to  wind  blast  and 
detection  of  deficiencies  in  the  crew 
station  clearance  envelopes . 

The  advanced  manikin  forms  of  today 
(Hybrid  III  type  manikin  and  the  ADAM) , 
represent  the  current  technology  in 
attempting  to  produce  a  biofidelic 
human  analogue.  The  ADAM  introduced  a 
semi-flexible  spine  design,  based  on 
the  conclusion  that  having  an  elastic 
spine  in  the  vertical  direction  coupled 
to  a  buttock  spring  assembly,  as 
created  by  a  skin  buttock  covering 
would  provide  adequate  simulation  of 
the  human  spine  to  impulse  loading  in 
the  vertical  direction.  The  ADAM 
flexible  spine,  consists  of  a  linear 
spring  damper  unit  providing  the  upper 
torso  damping,  with  pitch  and  roll 
motions  of  the  upper  torso  with 
respect  to  the  pelvis  provided  by  a 
lumbar  articulation  mechanism. 

The  Hybrid  III  type  manikin  is  a  state 
of  the  art  manikin,  with  human  test 
data  available  for  comparison.  The 
Hybrid  III  has  become  the  standard  test 
article  at  various  laboratories  with 
promising  resuits.  The  Hybrid  III  is  a 
flexible  manikin  capable  of  three 
dimension  response  to  an 
omnidirectional  input,  consequently 
exhibiting  realistic  interaction  with 
restraint  and  seating  systems  under 
test.  Work  performed  by  Frisch  [1,2] 
details  the  instrumentation  and  data 
acquisition  capabilities  incorporated 
into  the  Hybrid  III  along  with 
functional  and  structural  tests  used  to 
confirm  manikin  performance.  As 
reported  by  Frisch  [3],  the  Hybrid  III 
5%  female,  instrumented  with  an  Aydin 
Vector  MMP900  PCM  system  was 
succesBSfully  ejected  at  725  KEAS  at 
the  Naval  Weapons  Center,  further 
demonstrating  the  Hybrid  III 
capabilities . 
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The  Hybrid  III  evolution  can  be  tracked 
from  the  development  of  the  Hybrid  I  by 
GMC.  Its  history,  objectives  and 
attributes  closely  parallel  the 
advances  attempting  to  attain  a  high 
degree  of  repeatablity  and  improved 
response.  The  Hybrid  III  head  consists 
of  an  aluminum  shell  covered  by  a  vinyl 
skin.  The  neck  exhibits  one  piece 
biomechanical  bending  and  dampling 
response  in  flexion  and  extension.  The 
thorax  consists  of  six  ribs  connected 
to  a  welded  steel  rigid  steel  spine. 
The  spine  provides  for  attachment  of 
the  neck,  clavicles  an  the  lumbar 
spine.  The  lumbar  spine  is  a  curved 
polyacrylate  elastometer  with  molded 
end  plates  for  mounting.  A  detailed 
description  of  the  Hybrid  III  can  be 
found  in  Foster  (1977)  [4]. 

Manikin  Response  Requirments: 

In  order  to  accurately  reconstruct  te 
three  dimensional  response  of  it  human 
counterpart  the  manikin  must  not  only 
support  sufficient  instrunentation,  but 
must  also  maintain  the  flexiblity  to 
mimic  specific  movement  at  key  anatomic 
locations.  The  review  of  acceleration 
related  injuries  identifies  the  areas 
of  most  concern.  The  helicopter 
acceleration  related  injuries  reviewed 
by  Shanahan,  as  reported  by  Coltman 
[S],  indicated  the  distribution  of 
spinal  fractures  vere,  primarily,  in 
the  Til  to  L4  region,  with  the  highest 
incidence  occuring  at  LI .  naval 
ejection  seat  related  injuries 
(1969-1979),  as  reported  by  Guill  [6] 
were  concentrated  in  the  T6  to  LI 
region,  with  principal  modes  at  T7  to 
T8  and  LI.  Cervical  injuries 
concentrated  at  C2,  were  also  evident. 
A  detailed  review  of  spinal  trauma  and 
injuries  from  clinical  and  operational 
statistics  as  summarised  by  Karzarian 
[7],  are  illustrated  in  figure  #1.  As 
indicated  the  injuries  are  distributed 
throughout  the  neck,  thorax  and  lumbar 
regions  of  the  spine,  requiring  an 
improved  analogue  simulation  than 
provided  by  the  rubber  lumbar  and 
rigid  thorax  of  the  Hybrid  III. 


Consider  the  spine  and  midsagrittal 
plane  excursions  illustrated  in  figure 
f2,  as  presented  in  the  ADAM  RFP  [B]. 
The  spinal  contour  under  normal 
conditions  maintains  a  "S"  type  of 
contour  (a),  the  flexion  and  extension 
are  illustrate  as  (b)  <  (c) 
respectively.  One  objective  becomes 
the  simulation  of  this  type  of 
response,  while  providing  the 
mechanical  integrity,  repeatability 
(calibration)  and  compatibility  with 
the  existing  manikin  structure. 
Analysis  of  spinal  contour  as  function 
of  seated  position  indicated  a  broad 
spectrum  of  possible  contours,  based 
type  of  seat  and  general  upright  or 
slumpped  positioning.  Figure  /3 
illustrates  the  contour  of  the  spine 
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based  on  subjects  seated  in  a  typical 
midsize  automobile  as  reported  by 
Department  of  Transportation  (DOT)  [9], 
while  figure  t4,  illustrates  a  upright 
seated  posture  as  extracted  from  a 
typical  anatomy  textbook.  Clearly,  the 
response  of  these  configurations  will 
vary  considerably  under  acceleration. 
Based  on  these  results  a  design 
parameter  of  the  mechanical  spine  is  to 
provide  the  capability  to  adjust  the 
contour  or  intial  position  of  the  spine 
to  conform  with  the  seating  position. 
Review  of  the  spinal  response  to  Gz 
acceleration  as  modelled  by  Beltyschko 
t  Privitzer  [10],  indicates  that 
spinal  response  is  not  only  compressive 
in  nature,  but  also  represents  changes 
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figure  #  3 


in  contour  as  function  of  load.  To 
accurately  simulate  spinal  dynamics  the 
mechanical  analogue  must  also  account 
for  this  type  of  response 
characteristic.  The  final  parameter  to 
be  Incorporated  into  the  spine  design 
reguirment  was  axial  rotation .  The 
axial  rotation  of  the  human  spine  as 
detailed  by  DOT  data  [11],  Indicates  a 
approximate  +/-  60  degree  axial 
response  distributed  along  the  lenght 
of  the  spine.  In  order  to  measure  the 
spinal  dynamics  the  instrumentation 
necessary  to  monitor  the  forces  and 
moments  at  the  specific  anatomic 
locations  must  be  an  integral  part  of 
the  spine  design. 

The  Enhanced  Biodynamic  Manikin: 

The  enhanced  manikin  as  designed  and 
developed  by  Applied  Physics  is  shown 
in  figure  t  5 .  The  manikin 
anthropometry  is  based  on  the  50  % 
aviator  population  as  defined  in  the  US 
Triservice  Specification  [12],  and 
incorporates  all  sensors  and  data 
acquisition  electronics  as  an  integral 
part  of  the  manikin.  The  manikin 
incorporates  a  flexible  spine  to 
provide  a  three  dimensional  response 
(flexion,  extension,  bending, 
compression  and  axial  rotation) .  The 
spine  mates  with  an  anatomically 
representative  pelvis,  accurately 
locating  the  H-point,  LS  location  and 
the  Illiac  crest  height,  contour  and 
position.  The  pelvis  provides  the 
structural  housing  incorporating  all 
the  signal  conditioning  and  data 
acquisition  and  storage  electronics. 


figure  #  5. 
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Flexible  Spine: 


The  detailed  design  of  the  flexible 
spine  is  illustrated  in  figure  i6. 

The  spine  is  divided  into  three 
distinct  regions,  the  head/neck,  the 
thorax  and  the  lumbar  spine.  As  shovn 
the  spine  incorporates  compressive  and 
bending  components  in  all  three  regions 
attempting  to  provide  improved 
biodynamic  response.  In  addition  the 
spine  incorporates  multiple  adjustment 
points  enabling  the  inital  contour  of 
the  spine  to  be  altered.  The  head/neck 
assemJsly  provides  an  adjustment  mount 
similar  to  that  of  the  original  Hybrid 
III  unit,  where  the  head  position  can 
be  prepositioned .  The  L5  adjustment 
bracket  provides  for  the  the  intial 
positioning  of  the  of  the  low  lumbar 
spine,  as  necessary  to  conform  to 
specific  seating  systems.  Throughout 
the  spine  the  unit  implements  an 
arrangement  of  exchangeable  wedges  to 
alter  the  overall  spinal  contour  or  “S" 
shape  of  the  spine.  The  use  of  these 
wedges  ensures  a  constant  initial 
positioning  of  the  spine  based  on  the 
wedge  compliment  utilised . 


The  head  and  neck  assembly  is  based  on 
what  is  referred  to  as  the  ADAH  head 
and  neck  (Hybrid  II  head  coupled  with  a 
Hybrid  III  neck) .  The  head  and  neck 
attachment  point  corresponding  to  the 
occipital  condyles  (OC)  location  is 
instrumented  with  a  six  axis  load  cell, 
enabling  the  measure  of  the  force  and 
moments  at  this  representive  anatomic 
ioaction.  The  base  of  the  neck 
integrates  with  adjustment  mount, 
enabling  the  initial  position  of  the 
head  to  be  adjusted  over  a  ■*■/-  7  degree 
range.  Similarily,  the  base  of  neck, 
via  the  adjustment  mount  is 
instrumented  with  a  six  axis  load  cell. 
The  thoracic  region  consists  of  a 
shoulder  mounting  assembly  (enabling 
the  use  of  the  existing  Hybrid  III 
arms)  integrating  with  an  axial 
rotation  mechanism  and  four  modular 
mechanical  vertebra.  A  secondary  axial 
rotation  mechanism  is  provided  at  the 
base  of  the  thoracic  vertibra.  Each  of 
the  mechanisms  provide  a  4-/-  30  degree 
rotation  capability,  resulting  in  the 
+/-  60-  degree  rotation  over  the  length 
of  the  spine.  The  thoracic  vertebra  (1 
inch  heights)  provide  the  compression 
and  bending  features  of  the  thoracic 
region.  The  thorax  incorporates  two 
adjustable  cables  through  the  vertebra 
to  the  top  wedge  where  adjustments  can 
be  made  to  alter  the  response  over  this 
region.  The  lumbar  region  mounts  to 
the  thorax  via  a  six  axis  Denton  load 
cell  at  the  approximate  L1/T12 
Ioaction.  The  lumbar  spine  consists  of 
two  modular  vertebra  (2  inch  heights) 
and  interfaces  to  the  LS  adjustment 
bracket.  The  bracket  mounts  to  a  six 
axis  load  cell  Interfacing  to  the 
pelvis  at  L5,  measuring  the  pelvic 
loads.  The  lumbar  region  also  utilizes 
tvo  calibration  cables  enabling  the 
adjustment  of  the  lumbar  region 
response  characteristic. 
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Electronics  /Instrumentation: 

The  abilitiy  to  mechanically 
approximate  or  simulate  the  dynamic 
response  of  a  human  requires  sufficient 
onboard  electronics  to  measure,  record, 
quantify  and  reconstruct  the  six  degree 
of  freedom  response  of  the  manikin. 
Only  through  detailed  comparison  of 
response  data  to  know^n  human  data  bases 
can  the  mechanical  response  be 
validated . 

As  before  the  injuries  as  reported  by 
Coltman  [5]  emd  Guill  [6],  become  the 
driving  function  for  the  determination 
of  sensor  and  instrumentation 
requirements.  Monitored  manikin 
response  at  key  anatomic  locations 
correlating  to  high  injury  probablity 
must  be  obtained  in  sufficient  degrees 
of  freedom  to  make  effective  analysis 
possible .  The  typical  instrumentation 
requirment  is  illustrated  in  figure  #7 
.  Both  linear  and  angular  acceleration 
components  must  be  available  to  fully 
define  the  dynamic  response  of  any 
rigid  anatomical  segment,  such  as  the 
head,  T1  and  pelvis.  Additionally, 
since  compression,  flexion,  extension, 
rotational  forces  and  moments  are 
utilized  to  gain  insight  into  injury 
mechanisms.  Inclusion  of  such  measures 
at  critical  locations  is  considered  a 
basic  instrumentation  requirment.  The 
basic  instrumentation  options,  sensors 
and  tradeoffs  have  been  documented  by 
Frisch  [13].  Table  f  1  details  the 
sensor  configuration  implemented  within 
the  manikin  along  with  the  expansion  to 
be  added  at  a  later  date. 


Data  Acquisition  and  Storage  System 
(DASSJ  ; 

Study  of  the  manikin  anatomic  geometry 
and  special  distribution,  indicated  two 
main  volumes  useable  for  the  required 
electronics  envelopes,  the  chest 
cavity  and  the  pelvis.  An  earlier 
Applied  Physics  system  (Navy  Contract 
N62269-C-84-0207)  [1],  a  96  channel 
data  acquisition  and  storage  system, 
was  retrofit  into  a  50th  percentile 
Hybrid  III  chest  cavity.  The 
electronics  though  functionally, 
successful  Introduced  limitations  to 
the  biodynamic  response  of  the  Hybrid 
III.  Chest  deformation  was  reduced  to 
almost  zero,  manikin  weight 
distribution  and  CG  were  alterd  due  to 
the  inclusion  of  electronics  and  large 
NiCad  battery  assembly.  The  subsequent 

Air  Force  "ADAM"  development  [14], 
introduced  a  flexible  spine 
(mid-sagittal  response)  with  an 
on-board  128  channel  data  acquisition 
system.  As  in  the  Hybrid  III  the  chest 
mounted  electronics  limited  chest 
deformation,  however,  the  manikin 
provided  improved  CG  location  and 
weight  distribution. 


figure  #  7 
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table  #  1 


The  current  strategy  focussed  on 
redistributing  the  electronics  trithin 
the  manikin,  thereby  not  limiting  the 
biodynamic  response  capabilitites .  The 
implementation  of  the  flexible  spine 
and  the  resultant  3D  response  envelope 
precludes  the  introduction  of  any 
electronics  into  the  chest  cavity,  with 
the  exception  of  transducers. 

The  pelvis  located  at  approximately  the 
center  of  gravity  of  the  human  body, 
typically  provides  a  large  useable  mass 
and  volume  within  the  manikin. 
However,  to  achieve  an  optimized 
interaction  of  the  manikin  with 
ejection  or  crashworthy  seating  systems 
or  other  safety  equipment,  the  pelvis 
geometry,  weight,  and  volume  must  be 
representative  of  the  target  population 
of  interest. 

Based  on  the  work  of  Frisch  [15,16], 
where  a  comparative  study  of  human  and 
manikin  pelvis  geometry,  contour,  and 
weight  distribution  was  performed,  it 
was  demonstrated  that  sufficient 
electronics  could  be  housed  within  the 
pelvis  volume,  while  still  maintaining 
a  realistic  anatomic  representatiion. 
Based  on  the  pelvis  parameters  as 
detailed  within  the  Triservice 
Specification  [12],  an  anatomic 
representative  pelvis  was  designed  to 
house  the  enhanced  manikin  integrated 
data  acquisition  and  storage  system,  as 
illustrated  in  figure  #8.  The  pelvis 
superstructure  is  based  on  a  welded 
steel  box,  housing  all  the  modules  and 
integrating  with  an  aluminum  casting  of 
the  pelvic  contour  and  socket.  The 
cast  contour  provides  the  anatomic 
accuracy  locating  the  key  point  of  the 
pelvis  relative  to  each  other  fL5 
position,  socket  location  H-point  and 
Iliac  crest  contour  and  height)  The 
design  provides  for  the  constant  box 

electronics  structure,  coupled  with 
casting  designed  to  match  specific 
population  and  percentile  groups.  The 
system  (DASS)  as  housed  within  the 
manikin  is  illustrated  in  figure  #9, 
consisting  of  a  40  channel  analog 
subsystem,  and  high  speed  processor 
subsystem  providing  real  time  data 
acquisition  and  data  storage,  and  a 
femur  mounted  battery  assembly.  The 
system  is  supported  by  a  user  interface 
implemented  via  a  dedicated  IBM  laptop 
computer  to  define  and  setup  system 
function,  channel  configuration 
(gain, filter  cutoff,  etc),  extract 
data,  perform  calibration,  and  to 
process  and  review  manikin  response. 


figure  #  8. 


Flexible  Spine 


ADAM 
Head/ Neck 


DASS  Architecture; 

The  overall  system  architecture  is 
illustrated  in  figure  tlO,  as 
consisting  of  a  analog  subsystem, 
processor  subsystem,  battery  assembly 
and  a  PC  laptop  user  interface.  The 
processor  component  provides  the  CPU, 
data  storage,  analog  electronics 
control  logic  and  communications 
electronics,  used  to  Interact  with  the 
IBM  based  user  interface.  The  analog 
subsystem  provides  96  channels  of 
analog  signal  conditioning  and  A/D 
conversion  electronics  digitizing  the 
analog  jseasured  dynamic  response 
parameters.  The  battery  assembly 
provides  all  the  necessary  power  to  the 
DASS,  and  supporting  transducers.  The 
user  interface  consists  of  an  IBM  386 
DX  laptop  computer  or  compatible, 
enabling  user  control  and  interface  to 
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figure  #  10 


the  manikin  based  DASS  system.  The 
laptop  operates  a  "Windows*  type 
interleaved  software  package  enabling 
the  user  to  easily  interact  with  the 
DASS  software. 

Analog  Subsystem: 


ANAL'"'  ■'KJNAL  (.ONDIIION INI; 


figure  #11 


SPECIFICATIONS: 

PNOGRAMMER  GAIN  ~— 

FICTER  CUTOFF  - 

FILTER  ROliOFF - 

SAMPLING  FREQUENCY- 
PROCESSOR — 

OPERATIONAL  VOLTAGE 


-  t  TO  too 

- MAX  20ltH« 

- 42  dB/OCTAVE 

-  MAX  lOKH* 

_ _  HIGH-DENSITY  HIGH  PERFORMANCE 

SILICON  CATE  (HCNOS):  -  BIT 

- -  SV  TO  5.5V  (MICROCOMPUTER) 

SV  TO  15V  (SIGNAL  CONDITIONING) 


The  analog  subsystem  provides  upto  40 
channels  of  analog  signal  conditioning 
partitioned  into  20  channel  modules  as 
illustrated  in  figure  #11.  The  basic 
component  of  analog  subsystem  is  the 
dual  channel  hybrid  circuit  developed 
by  Applied  Physics.  A  block  diagram  of 
a  single  channel  of  a  dual  path  hybrid 
is  illustrated  in  figure  012.  As  shown 
the  hybrid  consists  of  a  switching 
network  (AD7502)  to  enable  the  hybrid 
to  except  both  transducer  signals  or 
simulated  substitute  voltages. 
Additionally,  this  network  provides  the 
capability  of  switching  in  an  RCAL 
resist-or  used  to  offset  the 
pieaoresistive  bridge  type  of 
tranducers  verifying  sensor  operation 
and  calibration.  The  sensor  outputs 
are  input  into  an  Analog  Devices  AD62S 
precision  instrumentation  amplifier 
coupled  with  a  multiplexer  /  resisitor 
network  enabling  the  CIV  to  program 
eight  (8)  discrete  gains 
(1,2,4, ,10,20,25,50,100) .  This  new 
Analog  Devices  amplifier  elliminates 
gain  errors  Introduced  by  the 
multiplexer  "OS*  resistance.  This 


figure  #  12 


resistance  is  biased  out  by  use  of  the 
+/-  sense  inputs  on  the  amplifier.  A 
secondary  gain  stage  has  been 
introduced  to  increase  the  life  cycle 
of  the  hybrid  circuit  design.  Through 
the  use  of  a  board  mounted  resistor  a 
secondary  gain  can  be  introduced  in  the 
analog  signal  conditioning  path 
handling  sensors  not  currently  or 
commonly  utilized.  This  enables  a  gain 
other  than  one  of  the  discretes  to  be 
used.  The  amplifier  network  is 
connected  to  a  low  pass  anti-alaising 
filter  providing  a  -45  db/octave  roll 
off.  The  filter  network  is  based  on 
the  switched  capacitor  technology  (SCF) 
allowing  the  variation  of  filter 
cutoff,  by  varying  a  reference 
frequency  generated  by  a  programmable 
interval  timer  within  the  pr ^cessor 
subsystem.  The  filter  output 
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interfaces  with  a  secondary  filter 
stage  and  a  sample  and  hold  circuit 
time  sychronizing  all  the  96  channels. 
The  common  problem  associated  with  SCF 
is  the  realization  of  the  reference 
frequency  on  the  signal  or  filter 
output.  The  secondary  filter  is 
configured  to  elliminate  or  filter  out 
this  undesireable  noise.  A  secondary 
problem  of  SCF  is  the  introduction  of 
voltage  offsets  on  the  order  of  20mv. 
The  sample  and  hold  (S/H)  is  coupled 
with  a  potentiometer  providing  a  means 
of  elliminating  the  offset.  The  use  of 
the  substitute  voltage  throught  the 
calibration  path  enables  the  offset  to 
additionally  be  removed  post  experiment 
by  software  methods.  flach  of  the 
twenty  channel  modules  interconnect  via 
a  shared  analog  backplane,  where  common 
signals  are  accessed  and  interface  with 
the  timing  an  control  module  and 
proce.‘j‘='~’-  sabaystoffl.  Within  the 
subsystem  a  single  timing  and  control 
module,  as  illustrated  in  figure  tl3 
multiplexes  the  40  signal  conditioned 
channels  and  provides  a  dual  A/D  path, 
where  the  A/D  output  is  directly 
interfaced  into  the  CPU  data  bus.  This 
module  generates  the  timing  and 
reference  signals  utilized  by  the 
signal  conditioning  modules  and 
provides  the  interface  to  the 
processor  subsystem . 
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figure  #  13 


Processor  Subsystem: 

The  processor  subsystem  provides  the 
actual  data  acquisition,  data  storage 
and  RS232  communications.  The 
processor  subsystem  is  based  on  an  STD 
bus  version  of  the  IBM  AT  system 
operating  at  16  MHz.  The  processor 
supports  onboard  RS232  capability, 
programmable  interface  timers 


(generation  of  sampling  and  filter 
reference  frequencies) ,  priority 
interrupt  generators,  and  upto  4  Mbytes 
of  dynamic  RAM.  One  of  the  major 
problems  with  storing  the  data  into  CPU 
RAM  memory,  is  that  data  offload  is 
dependent  on  battery  and  processor 
subsystem  survival.  In  order  t(' 
resolve  this  dependence  the  system 
incorporates  the  use  of  the 
non-volatile  solid  state  credit  card 
memory  subsystem  as  the  main  data 
storage  media .  The  processor  subsystem 
integrates  via  the  STD  bus  to  a  solid 
state  disk  drive  capable  of  real  time 
storage  of  the  dynamic  data  on  the 
credit  card  memory  devices.  These 
devices  statisfy  the  new  industry 
memory  standards  and  are  currently 
produced  in  2  Mbyte  versions  with  64 
Mbytes  versions  to  be  available  in  the 
near  future.  This  will  enable  a 
contijious  upgrade  of  memr>»y  s^-orage 
capability  without  modification  to  the 
current  system  design.  The  system  no 
longer  relies  on  data  download  to  the 
supporting  laptop  computer,  which 
typically  required  significant  time, 
dependence  on  system  battery  life  and 
processor  integrity.  The  credit  ciurd 
memory  device  can  be  removed  from  the 
manikin  following  an  experiment  and 
simply  plugged  into  a  corresponding 
solid  state  disk  drive  on  the  IBM 
laptop.  As  a  backup  procedure,  data 
is  stored  in  parallel  on  the  CPU  RAM 
and  is  available  for  of  download  to  the 
laptop  via  standard  RS  232  methods. 

Battery  Assembly : 

The  battery  assembly  consists  of 
multiple  battery  packs  necessary  to 
provide  the  voltages  and  power,  to 
operate  the  DASS,  and  supporting 
transducers.  The  battery  subsystem 
consists  of  rechargeable  batteries 
distributed  on  the  femur  of  the 
manikin.  The  battery  voltages  are 
regulated  to  provide  the  precise 
voltages  required.  Additiionally,  the 
voltages  are  controlled  by  the 
processor  subsystem  via  a  series  of 
relays  and  blocking  diodes,  enabling 
the  processor  to  power  manage  the 
system  maximizing  battery  life  while 
minimizing  battery  requirements. 

DASS  Operating  Software: 

The  DASS  operating  software  is  a 
combined  “C  and  assembly  limguage 
application  operating  under  the  DOS 
operating  software.  This  software  is 
embedded  on  BEPROM  within  the  manikin 
processor  CPU  module.  The  DASS 
software  consists  of  multiple 
subroutines  accessed  from  a  main  system 
monitor  /  c.)mmunication  interface 
software  package.  This  system  monitor 
communicates  with  the  laptop  exchanging 


command  codes  defining  the  operations 
to  be  performed  as  specified  by  the 
user.  The  software  enables  the  user 
to  define  the  DASS  sensor 
configuration,  gain,  sampling 
frequency,  and  filter  cutoff. 
Additionally,  the  software  provides 
multiple  types  of  calibration  (RCAL  i 
Voltage  Substitution) ,  diagonostics, 
and  data  offload  (backup) .  The  primary 
function  provides  real  time  data 
acquisition  and  data  storage.  System 
data  is  stored  on  the  non-volatile 
credit  card  memory  removeable  from  *-he 
DASS  system  and  directly  transferable 
to  an  equivalent  solid  state  disk  on 
the  IBM  laptop  for  processingas 
detailed  previously. 

Laptop  Computer  Support  Station  (User 
Interface) 

The  laptop  computer  is  based  on  an  IBM 
portabl-'  PC  or  '-''"'patible  which 
provides  the  user  interface  and 
functions  as  the  DASS  controller .  The 
PC  is  based  on  a  386-DX  processor 
operating  an  DOS  3.3  operating  system. 
The  system  application  is  written  in 
"C"  and  provides  a  user  friendly 
interface  the  DASS.  The  PC  software 
communicates  with  the  DASS  processor 
via  dedicated  RS232  port  (secondary 
backup  port  also  available) .  A  series 
of  command  codes  are  exchanged  between 
the  processors  speicfying  user 
commands,  system  acknowledgements  and 
execution  of  the  specified  operations . 
The  user  interacts  with  a  windows  type 
of  display  interface  where  each 
selected  option  sends  specifc  command 
codes  to  the  DASS  commanding  the 
software  to  execute  specific 
operations.  The  user  has  the 
capability  to  configure  and  define  the 
DASS  uniquely  for  each  experiment, (ie . 
sensor  /  channel  definition,  program 
specific  channel  gains,  specify 
sampling  frequency,  filter  cutoff  and 
acquisition  time) . 

The  work  was  performed  under  Army 
contract  DAMD17-90-C-0116 ,  for  the  US 
Army  Aeromedical  Research  Laboratory. 
The  authors  would  like  to  recognize  the 
support  and  contributions  of  Dr.  Nabih 
Alem,  who  provided  significant  insight 
and  direction  during  the  course  of  the 
contract. 
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1.  SUMMARY 

Two  programs  demonstrating  the  feasibility  of  improving 
the  dynamic  response  of  ejection  system  test  manikins 
have  been  completed  for  the  U.S.  Air  Force  (References 
1  and  2).  The  first  program  developed  a  manikin  neck 
that  has  greater  biofidelity  during  vertical  impact 
conditions  than  currently  available  manikin  necks.  The 
second  program  developed  manikin  arms  and  legs  with 
proper  mass  and  mass  moments  of  inertia  to  improve 
dynamic  response.  Both  programs  were  conducted  to 
support  the  development  of  the  U.S.  Air  Force’s 
Advanced  Dynamic  Anthropomorphic  Manikin 
(ADAM). 

The  improved  manikin  neck  specification  was  based  on 
the  properties  and  dynamic  response  characteristics  of 
human  necks.  A  neck  mimicking  these  dynamic 
response  characteristics  was  designed  to  interface  with 
the  ADAM  and  the  Hybrid  III  and  to  withstand  the 
severe  environmental  conditions  imposed  by  ejections. 
The  basic  design  approach  incorporated  a  separate  neck 
beam  to  control  head  translations,  and  headAorso  straps 
to  control  head  rotations.  These  neck  components 
simulate  the  bone  and  muscle  components  in  the  human 
neck.  The  neck  was  fabricated  and  dynamically  tested  to 
demonstrate  satisfactory  strength  and  human-like 
motions. 

Manikin  limb  segments  were  developed  to  achieve 
desired  mass  {miperties  while  maintaining  the  strength 
needed  to  withstand  severe  ejection  forces.  The 
Articulated  Total  Body  (.\TB)  mottel  program  was  used 
to  predict  joint  design  loads,  and  a  flnite  element 
modeling  program  was  used  to  analyze  structural 
strength.  Composite  materials  were  used  to  fabricate  the 
bone  components;  a  tmique  polymer  w^  used  to 
fabricate  the  flesh.  This  combinittion  improved  the 
inertial  property  di^budon  by  an  average  30  percent 
over  the  current  all-metallic  ADAM  limbs.  A  set  of 
limbs  was  fabricated  and  statically  tested. 


These  improvements  will  provide  increased  confidence 
in  neck  loading  tests,  especially  with  additional  head- 
mounted  equipment,  during  ejections  and  survivable 
aircraft  crashes.  The  use  of  composites  in  segment 
construction  will  allow  more  realistic  limb  motions  and 
impact  energy  absorption  by  the  flesh  material. 

2.  INTRODUCTION 

Manikins  have  traditionally  been  used  in  the  military  to 
test  ejection  seats  and  the  effectiveness  of  various  crash 
protection  designs.  Emphasis  in  system  testing  has  been 
on  the  operational  effectiveness  of  the  system  to  perform 
according  to  its  design  objectives.  Primary  concerns 
have  been  with  inertial  load  effects  on  ejection  seat 
acceleration  and  stability,  and  harness  and  fixed  seat 
effectiveness  in  restraining  occupants  during  survivable 
crashes.  Assessment  of  human  injury  potential  has  been 
based  on  external  body  measurements  and  observations 
such  as  ejection  seat  acceleration  (Reference  3),  body 
interference  with  aircraft  components  or  personal 
equipment,  or  failures  in  restraint,  seat,  or  other 
protection  systems. 

More  recently,  with  refinements  in  manikin  design  .and 
advances  in  instrumentation  c^bility,  the  trend  has 
been  toward  the  measurement  of  int^nal  manildn 
responses  and  the  use  of  these  in  making  relative  system 
safety  assessments.  The  automotive  industry  has  fully 
adopted  this  approach  for  frontal  crash  safety  compliance 
testing  in  which  Part  572  and  Hybrid  in  dummies  are 
used.  A  similar  a^^noach  is  currently  being  sought  for 
side  impact  safety  compliance  testing  with  three 
candidate  manikins  having  been  developed;  the  SID,  the 
EUROSID,  and  the  BIOSID.  Internal  measurements  are 
made  in  these  dummies  and  results  are  compared,  either 
directly  or  after  having  been  used  in  specific  algorithms, 
to  determine  injury  likelihood. 

The  Air  Fmce  has  developed  the  Advanced  Dynamic 
Anthropomorphic  Manikin  (ADAM)  (Reference  4)  to 
test  advanced  ejection  systems  with  vectored  rocket 
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thrust  capabilities.  The  ADAM  design  accentuated 
human-like  dynamic  response  to  provide  proper  human 
body  reactive  loading  into  the  ejection  seat.  This 
requirement  led  to  an  ADAM  design  that  includes  highly 
articulated  joints  with  position  sensing,  a  dynamic  z-axis 
torso  response,  over  50  internal  sensor  channels,  a  self- 
contained  data  acquisition  system,  and  durability  to 
withstand  ejections  into  a  600  Knot  Equivalent  Air  Speed 
(KEAS)  windstream.  While  a  number  of  novel  features 
were  developed  for  the  manikin,  the  substructure  was  a 
conventional  steel  design  with  foam-filled  flesh 
coverings.  This  design  met  the  specifications  for 
segment  and  whole-body  masses,  but  individual  segment 
moment  of  inertias  could  not  be  matched  well  to  human 
data  because  of  the  concentrated  metal  mass  at  the  center 
of  the  segmoits  and  the  necessity  for  a  low-density  flesh 
covering  to  provide  proper  segment  mass.  The  ADAM 
also  used  a  Hybrid  III  dummy  neck  with  a  modified  Part 
572  dummy  head. 

While  the  ADAM  represents  substantial  improvement  in 
ejection  testing  manikins,  the  use  of  a  neck  designed  for 
frontal  impact  safety  assessment  and  limbs  with  poor 
mass  distribution  and  energy  absorption  properties  led  to 
two  parallel  efforts  to  improve  these  designs.  The  two 
efforts  consisted  of  the  development  of  a  neck  with 
proper  z-axis  (vertical)  response  as  well  as  consistent 
x-axis  (fore-aft)  and  y  (lateral)  responses;  and  the 
develr^ment  of  limb  segments  made  with  composite 
material  substructures  and  a  flesh  covering  with 
human-like  energy  absorption  properties. 

3.  DISCUSSION 

Two  separate  feasibility  assessment  programs  were 
conducted  to  improve  manikin  biofidelity  (References  1 
and  2).  The  first  program  pertained  to  the  development 
of  a  biofidelic  manikin  neck  (patent  pending).  Until  this 
program,  the  human  neck  response  characteristics  to 
vertical  impact  loads  had  not  been  completely  evaluated. 
The  objective  of  the  Manikin  Neck  Development 
program  was  to  design  a  neck  with  the  capability  to 
respond  biofidelically  to  vertical  loads  as  well  as  to 
forward  and  lateral  loads.  The  second  manikin 
improvement  program  pertained  to  the  manikin  arms  and 
legs  which,  until  recently,  were  designed  with  a  heavy 
metal  core  encased  by  flexible,  foam-filled  molds.  The 
core  is  substantially  heavier  than  bone  and  the  mold  is 
considerably  lighter  than  fle.sh.  This  construction  results 
in  mass  distributions  that  differ  from  those  of  human 
segments,  a  structural  rigidity  that  is  much  greater  than 
that  for  bones,  and  xn  inability  to  absorb  the  desired 
amount  of  impact  energy.  The  objective  of  the  Manikin 
Limb  Development  program  was  to  design  arms  and  legs 
to  have  a  mass  distribution  closely  representing  the  mass 
distribution  in  human  limbs. 

4.  MANIKIN  NECK  DEVELOPMENT 

The  method  that  was  used  to  determine  the  feasibility  of 
(feveloping  a  manikin  neck  for  ejection  seat  testing 


initially  involved  defining  the  desired  neck  response 
characteristics  to  vertical  impact  loads.  The  existing 
Hybrid  III  neck  response  characteristics  were  also 
examined  to  determine  if  the  Hybrid  III  neck  could  be 
modified  to  produce  desired  response  characteristics  to 
vertica)  impact  loads.  After  concluding  that  the  Hybrid 
III  neck  could  not  be  modified  to  respond  correctly  to 
vertical  loading,  several  neck  design  concepts  were 
generated.  A  Neck  Concept  Demonstrator  was  fabricated 
and  tested  to  determine  if  the  design  concepts  were  valid. 
Modifications  to  the  Neck  Concept  Demonstrator  were 
made  until  the  desired  response  was  nearly  achieved.  A 
prototype  neck  was  then  designed  to  interface  existing 
manikins  and  instrumentation.  This  prototype  was 
fabricated  and  tested.  The  results  of  the  prototype  testing 
and  Neck  Concept  Demonstrator  tests  were  combined 
and  used  to  develop  the  final  neck  design. 

4.1  Design  Method 

The  neck  design  method  was  determined  by  conducting 
three  tasks.  First,  the  desired  neck  response 
characteristics  were  deHnerL  Second,  the  Hybrid  ni 
manikin  neck  design  and  response  characteristics  were 
examined  to  determine  if  the  Hybrid  III  neck  could  be 
modified  for  vertical  impact  loading.  Finally,  neck 
design  concepts  were  generaied. 

Define  Desired  Neck  Response  Characteristics.  Both 
the  kinematic  and  kinetic  response  characteristics  of  the 
human  neck  system  were  de^ed.  Kinematic  response 
characteristics  are  defined  as  the  translations  and 
rotations  of  the  head/heck  system  with  respect  to  time. 
Kinetic  response  characteristics  are  the  forces  and 
moments  in  the  head/neck  system.  The  latter 
charactmstics  were  calculated  from  the  kinematic 
response  characteristics  using  known  head  and  neck  mass 
properties.  If  the  manikin  head  has  humanlike  mass 
properties  (i.e.,  total  mass,  proper  center-of-gravity 
location,  and  mass  moments  of  inertia),  it  follows  that  a 
neck  system  producing  proper  kinemai'C  response 
characteristics  will  also  have  the  proper  kinetic  response 
characteristics.  Therefore,  the  kinematic  response 
characteristics  were  used  to  define  the  manikin  neck 
design  criteria. 

A  large  data  base  of  human  response  testing,  available 
from  the  Naval  Biodynamics  Laboratory  (I^DL),  was 
used  to  determine  response  criteria.  The  data  base 
included  human  test  results  for  impacts  in  the  forward 
(-x),  oblique  (-x+y),  lateral  (+y),  and  vertical  (+z) 
directions. 

In  the  past,  several  researchers  have  reduced  the  NBDL 
test  data  to  defme  kinematic  and  kinetic  response 
requirements.  However,  sources  could  not  be  found 
which  had  reduced  the  test  data  for  vertical  impact 
directions.  Vertical  impacts  were  of  particular  interest  to 
this  development  program  since  the  intent  was  to  develop 
a  neck  for  ejection  seat  testing  manikins. 
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The  +z  impact  data  included  a  total  of  27  tests  for  four 
volunteers  with  nominal  peak  input  accelerations  from  S 
to  12  G.  Data  reduction  indicated  that  the  kinematic  and 
kinetic  responses  were  somewhat  sporadic.  It  was 
postulated  that  the  variation  in  response  was  caused  by 
active  muscle  action.  Active  muscle  action  could  not  be 
practically  duplicated  with  a  passive  manikin  neck. 

Thus,  the  kinetic  response  for  each  test  was  evaluated. 
Tests  with  a  ‘high’  active  response  level  were  eliminated, 
leaving  a  total  of  1 1  tests.  These  1 1  tests  included  all 
four  volunteers  with  input  accelerations  from  7  to  12  G. 

The  head  angle  and  neck  angle  response  corridors  fm'  the 
1 1  selected  tests  are  shown  in  Figure  1.  The  corridors 
are  based  on  tte  calculated  mean  for  all  1 1  tests,  plus  or 
minus  one  standard  deviation.  The  head  angle  is  deflned 
as  the  change  in  global  head  .wgle.  The  neck  angle  is 
defined  as  the  change  in  angle  of  a  line  between  the  first 
thoracic  vertebra  (Tl)  at  the  base  of  the  neck  and  the 
head  pivot  point  (occipital  condyles)  at  the  top  of  the 
neck. 


TIME  (SEC) 

b.  NECK  ANGLE  CORRIDOR 


Figure  1 . 

Recommerxled  head  angle  and  neck  angle  response 
corridor  for  7-  to  12-G  vertical  impacts, 
passive  neck  system. 

Tlie  average  kinetic  response  at  the  occipital  condyles 
(O.C.)  was  also  calculttted  for  the  1 1  selected  tests.  The 
moment  was  presented  as  a  function  of  the  change  in 
head  angle,  and  the  forces  as  a  function  of  time.  The 
kinetic  response  for  vertical  impacts  was  compared  to  the 


response  for  forward  impicts  For  all  practical  purposes, 
rhe  response  for  the  two  impact  directions  was  the  same. 
This  conclusion  indicated  that  a  passive  neck  system 
could  be  designed  to  provide  proper  response  to  both 
vertical  and  forward  impacts. 

Examine  Existing  Manikin  Design  and  Response 
Characteristies.  Having  defined  the  desired  neck 
response  directly  from  vertical  impact  load  data  of  the 
human  neck,  the  Hybrid  m  neck  design  and  response 
characteristics  were  examined  to  detmiine  if  it  could  be 
modified  to  provide  die  desired  response.  The  Hybrid  ni 
neck  is  depicted  in  Figure  2.  The  Hytuid  III  neck 
consists  of  an  elastomeric  neck  beam  with  the  base 
mounted  at  the  approximate  anatomical  location  of  Tl. 
The  top  of  the  neck  pivots  at  the  O.C.  location  and 
snubbers  are  placed  between  the  top  of  the  neck  and  base 
of  the  head. 


Figure  2. 

Hybrid  III  neck. 

Research  on  the  Hybrid  HI  neck  indicated  that  it  was 
designed  to  provide  the  proper  head  rotation  and  moment 
at  the  O.C.  for  forward  and  aft  impacts. 

Figures  3  and  4  compare  the  head  trajectories  of  the 
Hybrid  III  and  a  typical  human  in  response  to  IS-G 
forward  and  12-G  vertical  impacts  (Reference  S).  For 
forward  imparts,  the  maximum  head  angle  is 
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HUMAN  HUMAN 


Figure  3. 

Comparison  of  head  trajectories  for  15-G,  forward 
impacts,  NBDL  Run  Nos.  1X5002  and 
LX3983  (Reference  5). 


Figure  4. 

Comparison  of  head  trajectories  for  12-G,  vertical 
impacts,  NBDL  Run  Nos.  LX4742 
and  LX4651  (Reference  5). 


approximately  the  same  for  the  Hybrid  HI  and  the 
human.  However,  the  head  forward  and  downward 
translation,  or  the  neck  angle,  is  much  less  for  the  Hybrid 
III  than  for  the  human.  For  vertical  impacts,  tlie 
deficiencies  of  the  Hybrid  III  are  even  more  pronounced. 
The  results  of  these  tests  indicate  that  the  Hybrid  III  neck 
beam  is  too  stiff. 

If  the  basic  Hybrid  III  neck  design  was  modiried  to 
produce  the  proper  neck  angles  (head  translation),  then 
the  head  angles  would  be  too  high.  This  phenonmenon  is 
illustrated  in  Figure  S  which  shows  a  representation  of 
the  approximate  head  angle  with  the  neck  angle  at 


102  degrees  (peak  neck  angle  for  a  IS-G  forward  impact. 
Reference  6).  The  desired  head  angle  for  a  15-G  forward 
impact  is  78  degrees,  significantly  less  than  the  observed 
head  angle  of  126  degrees  in  Figure  S. 

Examination  of  the  Hybrid  in  neck  indicated  that  the 
head  angle  will  always  be  greaio'  than  the  angle  of  the 
top  of  the  neck.  Thus  the  Hybrid  ill  neck  cannot  be 
modified  to  provide  the  proper  response,  and  a  new  neck 
design  was  developed. 

Identtfy  BiofideUc  Neck  De^n  Criteria.  The  well- 
defined  response  of  the  human  neck  system  was  used  to 
establish  the  design  criteria  for  a  biofidelic  nedc.  The 
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HEAD  ANGLE 
Figure  5. 

Representation  of  peak  head  angle  for  a  manikin  neck  based  on 
the  Hybrid  III  design  adjusted  for  proper  neck  angle. 

human  kinetic  response  characteristics  led  to  the  4.2  Neck  Concept  Demonstrator  Fabrication 

observation  that:  A  neck  system  was  fabricated  to  evaluate  the  developed 

concept  The  fabricated  head  and  neck  assembly  is 

•  A  direct  relationship  exists  between  the  moment  shown  in  Figure  6.  The  neck  was  designed  specifically 

exerted  on  the  head  at  the  occipital  condyles  and  to  be  easily  fabricated  and  modified.  The  neck  beam  was 

the  relative  change  in  head/torso  angle,  with  the  fabricated  from  a  stack  of  elastomeric  ‘washers’  with  an 

moment  resisting  forward  head  rotation.  inner  cable  linking  the  base  to  the  top.  These  washers 

could  be  easily  substituted  with  washers  of  a  different 

•  The  neck  structure  exhibits  ordinary  elastic  diameter  or  material  to  modify  the  bending  properties, 

properties,  with  the  moment  genoated  at  the  The  head-to-torso  straps  were  fatncated  from  a 

base  of  the  neck  directly  proportional  to  the  continuous  length  of  elastomeric  material. 

change  in  neck/torso  angle. 

Resistance  to  neck  beam  motion  was  provided  through 
Sevoal  passive  neck  design  concepts  were  generated  in  compression  of  the  neck  beam  washers.  Resistance  to 
an  attempt  to  produce  these  characteristics.  In  general,  head  rotation  was  provided  through  extension  of  the 

the  concepts  crmsisted  of  a  neck  beam  that  could  be  sized  head/torso  straps  causing  a  moment  on  the  head.  This 

for  proper  neck  angles,  or  head  trajectories,  and  an  moment  is  relatively  independent  of  the  head/neck  angle, 

independent  method  of  contrdling  the  moments  exerted 

on  the  head.  The  most  promising  design  consisted  of  an  The  test  head  was  fabricated  from  mild  steel  plate  and 
inner  neck  beam  with  a  pivot  point  at  the  O.C.,  similar  to  the  ballast  weights  were  sized  to  give  a  final 

the  Hybrid  U1  design.  Instead  of  snubbers  between  the  instrumented  head  weight  of  1 1.0  lb.  The  head  c.g.  was 

top  of  the  neck  beam  and  base  of  the  head,  straps  were  located  0.9  in.  forward  and  2.2  in.  above  the  head  pivot 

attached  between  the  base  of  the  head  and  the  base  of  the  point  The  measured  moment  of  inertia  of  the  head  about 

neck.  This  design  concept  allowed  the  neck  beam  and  the  y-axis  (pitch  axis)  was  1 10.3  IbAn.^.  The  ballast 
the  head-to-lorso  stiiqis  to  be  somewhat  independently  weights  could  easily  be  moved  to  study  the  effects  of 
sized  to  provide  prt^r  head  rotations  and  translations.  change  in  c.g.  location. 
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Figure  6. 

Neck  concept  demonstrator  (patent  pending). 

The  neck  assembly  was  attached  to  a  test  base  which 
allowed  for  clearance  between  the  head  and  test  frame 
during  maximum  movement.  The  test  base  provided  an 
initial  neck  angle  of  seven  degrees  pitched  forward.  The 
top  of  the  neck  beam  tapered  to  allow  proper  clearance 
under  high  head^eck  angles. 


43  Neck  Concept  Demonstrator  Testing 
The  neck  system  was  tested  for  vertical  as  well  as 
forward  impacts.  The  testing  showed  that  the  response  to 
vertical  impacts  was  strongly  dependent  on  the  initial 
head/neck  position  and  the  c.g.  location.  However,  the 
response  to  forward  impacts  was  not  strongly  dependent 
on  these  variables.  This  condition  explained  the  sporadic 
response  of  the  human  testing  results  for  vertical 
impacts,  and  the  more  consistent  response  obsowed  for 
forward  impacts.  The  testing  also  showed  that  the  neck 
beam  and  head/torso  straps  could  be  altoed  to  change  the 
neck  and/or  head  angles. 

Since  the  response  to  forward  impacts  was  more 
cmisistent,  and  the  human  data  base  for  forward  impacts 
was  larger,  the  forward  impact  testing  results  were  used 
to  size  the  neck  beam  and  the  head/torso  straps.  The 
response  to  vertical  impacts  was  adjusted  by  shifting  the 
center  of  gravity  and/or  changing  the  initial  headAieck 
position. 

The  head  and  neck  angle  response  of  the  frnal  concept 
demonstrator  design  is  shown  in  Figure  7.  The 
calculated  moment  at  the  O.C.,  relative  to  change  in  head 
angle,  is  shown  in  Figure  8.  Both  results  were  very  close 
to  the  desired  nominals  specified  in  Reference  6. 

The  neck  system  fulfilled  the  objectives  by  validating  the 
proposed  design  concept  The  overall  dynamic  response 
of  the  neck  system  was  very  good,  with  both  the 
kinematic  and  kinetic  responses  comparing  favorably 
with  human  test  results. 


Figure  7. 

Head  and  neck  angle  response,  concept  demonstrator  design,  tS-G  forward  imptuX. 
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CHANGE  IN  ANGLE  (DEG) 


Figure  8. 

Calculated  moment  at  the  occipital  condyles  relative  to  change  in 
head  angle,  concept  demonstrator  design,  15-G  fonward  impact. 


4.4  Prototype  Neck  Design 
The  concept  demonstrator  was  designed  for  proper 
flexion  response  to  forward  and  vertical  impacts; 
however,  it  was  not  designed  specifically  to  interface 
with  existing  manikins.  Therefore,  a  prototype  neck  was 
designed  to  interface  with  existing  manikins  as  well  as 
existing  instrumentation,  such  as  the  head/neck  load  cell. 
The  prototype  neck  was  also  designed  to  provide 
omnidirectional  response. 

Modifications  were  made  to  the  concept  demonstrator 
design  to  produce  the  prototype  neck  design 
characteristics.  The  modifications  include  the  following: 

•  The  stack  of  neck  beam  washers  was  replaced 
with  a  solid  elastomeric  beam.  The  center  cable 
was  maintained  to  ensure  ruggedness. 

•  The  head-to-torso  straps  were  replaced  with  a 
cylinder  between  the  neck  base  and  the  load  cell 
interface  pUue. 


•  A  torsion  release  joint  was  added  at  the  top  of 
the  neck  beam  to  provide  the  desired  torsional 
stiffness  (for  lateral  impacts). 

4  J  Prototype  Fabrication  and  Testing 
The  prototype  neck  system  was  fabricated  and  then 
subjected  to  a  series  of  tests,  including  forward,  vertical, 
and  lateral  impacts.  The  neck  was  modified  throughout 
testing  to  improve  performance.  The  prototype  neck  is 
shown  in  Figure  9. 

The  kinematic  response  of  the  initial  neck  design  for  a 
12-G  vertical  impact  is  shown  in  Figure  10.  The 
re^nse  was  within  the  desired  limits.  However,  the 
head  angle  was  near  the  maximum  limits  and  the  neck 
angles  were  shifted  toward  the  lower  limits. 

The  kinematic  re^nse  for  the  same  neck  tested  at  a 
12-G  forward  impact  is  shown  in  Figure  11.  The  peak 
head  angle  was  1(X)  degrees,  which  is  higher  than  the 
desired  nominal  of  78  degrees.  The  peak  neck  angle  was 
92  degrees,  near  the  desired  nominal  of  89  degrees  for  a 
12-G  forward  impact 
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Figure  9. 

Prototype  neck  (patent  pending). 

The  lest  results  to  this  point  indicated  that  the  neck  iiuier 
beam  stiffness  was  accurate,  but  the  neck  outer  cylinder 
was  not  stiff  enough  to  achieve  the  desired  response. 

Prior  to  stiffening  the  neck  outer  cylinder,  a  series  of 
lateral  tests  was  conducted.  The  lateral  tests  showed  that 
the  neck  structure  was  too  weak.  Thus,  lateral  stiffeners 
were  added  to  the  neck  outer  cylinder  and  tested  until  the 
correct  lateral  stintless  was  identified. 

Finally,  the  neck  was  retested  for  forward  and  vertical 
impacts.  Surprisingly,  the  peak  head  angle  increased  and 
the  peak  neck  angle  decreased.  It  was  expected  that 
adding  stiffeners  to  the  neck  outer  cylind^  would  have 
decreased  the  peak  head  ffligie.  Further  attemp'jilo  refine 
the  neck  response  did  not  produce  the  desired  response 
for  both  late^  and  forward  impacts. 

Further  analysis  and  testing  indicated  tlutt  the  neck  outer 
cylinder  could  not  produce  the  same  response  provided 
by  the  head-to-iorso  straps  of  the  concept  demonstrator 
design.  The  cylinder  was  behaving  more  like  a  beam 
than  independent  straps.  As  the  neck  deflected  forward. 


—  RESPONSE  CORRIDOR 


a)  Head  angle  response 


TIME  (SEC) 


b)  Neck  angle  response 
Figure  10. 

Head  and  neck  angle  responses  for  the  prototype 
design  compared  to  suggested  response 
corridor,  12-G  vertical  impact. 

the  top  of  the  cylinder  also  naturally  rotated  forward, 
behaving  as  a  hollow  beam  structure. 

4.6  Results 

Enough  infmmation  and  test  data  were  gathered  at  this 
point  to  design  a  neck  system  to  combine  the  best 
characteristics  of  the  concept  demonstrator  and  the 
prototype.  The  final  neck  design  consists  of  an  inner 
core  which  functions  like  the  neck  beam  from  the 
previously  described  designs.  The  inner  c«e  provides 
the  desired  higher  lateral  stiffness  without  adding  to  die 
forward  stiffness.  Instead  of  stand-offs  between  the  neck 
core  and  head-to-torso  straps,  elastic  hinges  are  integrally 
molded  with  the  nedt  system.  The  aft  head-to-UHSo  str^ 
is  larger  in  cross  section  thsi  the  forward  strap  to  provide 
the  proper  response  for  flexion  as  well  as  extension. 
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Figure  11. 

Head  and  neck  angle  responses,  prototype  test  no.  9, 
1 2-G  forward  impact. 


The  final  neck  design  has  not  been  fabricated  or  tested  to 
date.  However,  all  testing  and  computer  modeling 
results  indicate  that  this  final  design  should  produce  the 
desired  results. 

4.7  Conclusions 

This  program  demonstrated  the  feasibility  of  developing 
a  biofldelic  manikin  neck;  a  neck  that  will  respond  as  a 
human’s  would  when  subjected  to  both  vertical  and 
ht^ontal  impacts,  as  well  as  to  lateral  impacts.  In 
particular,  the  program  demonstrated  that  a  passive  neck 
can  be  designed  to  produce  biofldelic  response. 

The  program  concluded  that  a  biofldelic  manikin  neck 
design  should  have  the  provisions  that  allow  head 
translations  and  rotations  to  be  independently  controlled. 
The  neck  designs  of  currently  produced  manikins  do  not 
have  these  provisions.  Primarily,  a  biofldelic  manikin 
neck  should  be  designed  with  a  neck  beam  sized  for 
proper  head  translations  and  head-to-torso  straps  sized 
fm-  proper  head  rotations. 

5.  MANIKIN  LIMB  DEVELOPMENT 
This  development  effort  determined  the  feasibility  of 
using  composite  materials  to  optimize  the  mass  moment 
of  inertia  properties  in  manikin  uppa  and  lower  arm  and 
leg  segments  whUe  maintaining  the  strength  required  for 
ejection  seat  testing  into  a  600  KEAS  windblast.  The 
small  ADAM  was  used  to  achieve  this  feasibility  study. 
The  program  consisted  of  designing,  fabricating,  and 
testing  the  limb  skeletal  souctuie  as  well  as  designing 
and  fabricating  an  upper  leg  flesh  component. 


5.1  Design  Method 

The  design  method  theoretically  established  component 
configuration,  material  construction,  and  composite 
layup  to  achieve  desired  mass  distribution  and  strength 
properties  of  each  limb  component  This  method 
consisted  of  several  tasks.  First,  design  goals  were 
established  by  identifying  the  inertial  properties  of 
human  limbs  and  evaluating  the  design  of  the  ADAM. 
Second,  the  joint  design  loads  were  predicted  using  the 
Articulated  Total  Body  (ATB)  model  program  by 
subjecting  the  occupant  model  to  severe  dynamic  loading 
conditions.  Third,  a  computer-aided  design  (CAD) 
program  was  used  to  obtain  the  desired  inmial  pn^rties 
for  each  component  Finally,  a  stress  analysis  was 
conducted  to  evaluate  the  strength  of  the  designed  limb 
components  when  subjected  to  the  design  loads  predicted 
by  the  ATB  model.  Critical  composite  limb  components 
were  fabricated  and  tested  to  verily  component  strength. 

The  flowchart  in  Figure  12  illustrates  the  sequence  that 
was  used  to  design  the  skeletal  limbs.  A  separate  task 
was  established  to  design  the  flesh  component 

Select  Design  Parameters.  The  design  parameters  that 
were  identified  include  mass  properties  of  the  3rd- 
percentile  male  limbs,  geometry  of  the  existing  ADAM 
limb  components,  and  human  flesh  characteristics. 

The  weight  and  inertial  properties  of  the  3rd-petcentile 
(small)  male  were  identified  for  each  manikin  limb 
segment  Inertial  and  geometric  properties  were  obtained 
from  a  Tri-Services  Report  (Reference  7)  and  were  used 
u>  specify  the  segment  mass  and  mass  moments  of  inertia 
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Figure  12. 
Design  process. 


Table  1. 

Segment  mass  properties  design  requirements 

Component 

(in.-lb-sec^) 

Vy 

(in.-lb-sec2) 

(in.-lb-sec^) 

Weight 

(lb) 

Upper  leg 

.941 

.993 

.256 

17.1 

Lower  leg 

.357 

.362 

.042 

6.8 

Upper  atm 

.074 

.077 

.015 

3.4 

Lower  arm 

.053 

.054 

.008 

2.5 

for  the  upper  and  lower  arms  and  legs.  Table  1  lists  the 
design  weight  for  3rd-percaitiie  male  limbs.  The  desired 
mass  moments  of  inertia  about  the  x,  y,  and  z  axes  for 
each  limb  are  also  listed  in  T^le  I. 

The  geometry  of  each  ADAM  limb  component  was  also 
determined.  The  componoits  of  the  ADAM  arms  and 
legs  are  shown  in  Hgure  13.  An  extensive  literature 
search  and  some  in-house  testing  were  conducted  to 
identify  the  characteristics  of  human  flesh.  Desinxl  flesh 
properties  defmed  for  the  manikin  include;  density 
(0.034  Ib/in.^),  hardness  (Shore  A  Durometer  13.1),  and 
dynamic  impact  load  (approx.  125  lb  when  impacted 


with  a  0.6S-lb  mass  ditqrped  fiom  a  height  of  24  in.). 
Materials  demonstrating  these  characteristics  were 
identified.  Material  availability  and  processing  ease 
were  also  considered  during  the  final  selection  {Hocess. 

Determine  Design  Loads.  The  Air  Fbrce  ATB  modeling 
program  was  used  to  predict  the  manikin  design  loads.  A 
3rd-percentile  male  occupant  was  modeled  and 
positioned  in  an  ACES  H  ejection  seat  model.  This  seat/ 
occupant  system  was  subjected  to  1 1  difiinent  loading 
cases  typical  for  an  ejection.  These  loading  cases  were 
represented  by  half-sine  pulses  and  include:  forward  sled 
pulse  ('tOx,  45  G  max  at  120  msec),  aftwaid  sled  pulse 
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Figure  13 

ADAM  arm  and  leg  components. 

(-Gx,  45  G  max  at  120  msec),  side  impact  pulse  with  and 
without  seat  armrests  (-»<iy/-Gy,  45  G  max  at  120  msec), 
upward  and  downward  ejection  pulse  (-t-GzZ-Gz,  45  G  at 
120  msec),  windblast  alone  (600  KEAS  constant),  and 
combined  windblast  with  upward  and  downward  ejection 
pulses  (-tCzZ-Gz,  45  G  max  at  120  msec  and  6(X)  I^AS 
constant). 


The  occupant  motion  and  the  loads  at  each  limb  joint 
were  calculated  and  evaluated.  An  example  of  the 
occupant  motion  during  a  constant  600  KEAS  windblast 
force  is  shown  by  a  series  of  illustrations  in  Figure  14. 
Figure  15  presents  the  torques  about  each  axis  in  the 
shoulder  and  elbow  joints  during  the  same  loading 
condition  (600  KEAS  windblast).  The  worst-case  load 
combinations  (forces  and  torques)  for  each  joint  were 
identified  by  examining  all  the  loading  conditions. 

These  worst-case  loads  occurred  during  the  windblast- 
alone  loading  condition,  and  the  lateral  condition  without 
the  armrests.  These  loads  were  used  as  the  design  loads 
for  the  corresponding  manikin  limb  components 
(Table  2). 

Develop  Segment  Design.  ANVIL  5000,  a  CAD 
software  package,  was  used  to  design  the  manikin 
components.  This  software  package  was  used  to  iterate 
between  component  configuration  and  material  selection 
to  achieve  the  desired  mass  properties  for  each  complete 
segment  Each  complete  segment  consisted  of  the 
skeletal  and  flesh  components  combined  to  achieve  the 
correct  inertial  properties.  First,  the  existing  ADAM 
limb  configurations  were  input  to  the  CAD  and  used  as 
the  design  baseline.  These  baseline  configurations  were 
then  modified  and  combined  with  selected  material 
properties  to  achieve  the  desired  weights  and  mass 
moments  of  inertia  for  the  segments.  The  process  was  an 
iterative  one  as  segment  geometries  were  modified 
and/or  materials  were  changed  to  achieve  the  desired 
properties. 


Time  =  0  msec  Time  =  40  msec 


Figure  14. 

Example  ATB  occupant  motions,  600  KEAS  windblast. 
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Time  (msec) 

Figure  15. 

Example  ATB  right  upper  arm  joints  torque 
time-histories;  600  KEAS  windblast. 


Figure  16. 

Finite  element  model  of  upper  leg  segment. 

The  stress  distribution  of  complete  limb  segments  (i.e., 
upper  arm  segment,  lower  arm  segment,  etc.)  was 
analyzed  along  with  stress  concentrations  at  clevis  pin 
joint  holes  and  joint  stops.  When  the  analysis  indicated 
that  a  component  did  not  exhibit  the  desired  strength 
properties,  modifications  to  the  component  were 
conducted  either  by  rearranging  the  ply  orientation  or  by 
modifying  the  configuration  or  material  selection.  The 
modified  CAD  component  was  then  again  directly 
transferred  to  the  NIS  A  program  and  the  stress 
distribution  was  redetermined  and  analyzed.  This 
process  was  repeated  where  necessary  until  all  of  the 
components  withstood  the  desired  design  loads,  and 
exhibited  the  desired  weight  and  inertial  properties. 


Conduct  Strtss  Amtfyds.  The  NISA II  Finite  Element  5.2  Skeletal  Limb  Fabrkation 
Model  was  used  to  conduct  a  stress  analysis  on  each  limb  All  the  composite  components  were  fabricated  using  a 
segment  (Figure  16).  The  completed  designs  of  each  unique  layup  design  of  graphite/epoxy  plies  for  each 

segment,  as  defined  by  the  CAD,  were  directly  component.  Each  nibular  bone  component  was 

transferred  to  the  NISA  program.  The  design  loads  fabricated  by  wrapping  grqihite  prqireg  rape  around  a 

predicted  by  the  ATB  Model  program  were  applied  to  the  tubular  mandrel  that  was  iq)(nopriately  sized  ftn-  each 

appropriate  segmoits.  The  fabric  layig)  sequence  for  particular  limb.  Fiberglass/epoxy  craiosion  barriers  were 

each  of  the  composite  components  was  determined  at  this  laminated  to  metallic-interfacing  surfaces.  The  ends  of 
stage.  This  step  played  a  critical  role  in  devekiping  a  bone  segments  that  required  additional  strengdi  were 

design  that  met  all  of  the  strength  requirements  of  the  t^ted  with  graphite  hoop  wraps.  Where  two  gnqihite 

component.  components  are  designed  to  rotate  about  each  other,  a 
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Table  2. 
Design  loads 


Dynamic* 

Load 


Segment 

Case  No. 

F,(lb) 

Fy(lb) 

F,(lb) 

M,(in.-lb) 

My(in.-lb) 

M^(in.-lb) 

Upper  Leg 

3 

180 

-500 

-200 

15,000 

2,000 

1,500 

Lower  Leg 

5 

-1,480 

50 

-2,780 

-1,300 

-19,500 

0 

Upper  Arm 

5 

-1,280 

580 

-140 

500 

140 

-1,720 

Lower  Arm 

5 

180 

140 

■40 

-1,580 

3,000 

0 

*  3  -  Lalenl  without  annresu 

S  -  Windblast  ikxie 
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Teflon®-impregnated  Hberglass  layer  was  laminated  to 
the  bone  surface. 

The  composite  shoulder,  knee,  and  ankle  clevises  were 
fabricated  on  aluminum  male  mandrels.  Wrapping  tape 
around  a  male  mandrel  is  ideal  for  fabricating  intricate 
components  such  as  these  clevises  because  the  tape  can 
be  aligned  without  causing  any  discontinuities  in  the 
reinforcing  tape  fibers.  An  inner  foam  core  structure  was 
incorporated  into  the  shoulder  clevis  fabrication  process 
to  maintain  the  desired  mass 

properties  in  the  clevis  as  well  as  to  withstand  the  high 
stresses  imposed  on  the  clevis.  Fiberglass/epoxy 
corrosion  barriers  were  also  laminated  onto  the 
appropriate  surfaces  of  these  clevises. 

Shrink  tubing  was  used  in  most  cases  to  remove  surface 
wrinkles  caused  by  the  vacuum  bagging  process.  All 
composite  layups  were  consolidated  and  cured  in  an 
autoclave  with  heat  and  pressure. 

The  hip,  upper  leg  knee,  and  elbow  clevises  were  all 
machined  from  appropriate  metals.  These  clevises  and 
the  composite  components  were  assembled  into  two 
complete  limbs;  the  arm  and  the  leg  (Figures  17  and  18). 

5  J  Fiesta  Component  Fabrication 
A  dense,  two-part  polymer  that  solidifies  at  room 
temperature  into  a  pliable,  yet  durable,  material  was 
selected  fw  the  upper  leg  flesh  component.  Hodt-and- 
pile  fastening  tape  was  used  to  secure  the  tqiening  slit  in 
the  flesh  componenL  Additionally,  the  abutting  surfaces 
of  the  slit  were  contoured  to  provide  a  self-locking  joint. 
A  scrim  material  was  embed^  in  the  flesh  component 
near  die  surface  to  provide  additional  durability  and  tear 
resistance  to  the  surface.  The  final  configuration  of  the 
upper  leg  flesh  component  has  an  outer  contour  identical 
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to  the  current  ADAM  upper  leg  since  the  same  mold  was 
used.  The  inner  configuration  of  the  flesh  component 
was  modified  to  fit  the  composite  uf^r  leg  skeleton. 

5.4  Testing 

Static  testing  was  conducted  to  evaluate  the  strength  of 
the  manikin  skeletal  components.  The  upper  leg,  lower 
leg,  upper  arm,  and  lower  arm  segments  were  each 
individually  tested.  Static  loads  were  applied  to  the 
joints  of  each  segment  representing  the  three  components 
of  forces  and  moments  that  developed  at  the  joint  during 
the  limb’s  severest  dynamic  loading  conditions  as 
calculated  by  the  ATB  inogram. 

5.5  Results 

The  results  of  this  {xogram  are  summarized  in  Table  3, 
Table  4,  and  Figure  19.  Table  3  lists  the  components  for 
each  limb  segment  and  the  material  that  was  selected  for 
each  segment  to  achieve  the  desired  mass  properties. 
Figure  19  compares  the  inertial  properties  of  the  lower 
leg  segment  deigned  in  this  program  with  the  existing 
ADAM  limb  segments  and  the  3rd-percentile  male 
design  goal.  The  results  illustrate  that  the  mass 
proputies  of  the  modified  segments  much  more  closely 
refHeseni  those  of  the  3rd-percentile  human  than  do  the 
ADAM  segments. 

This  outcome  demonstrates  the  potential  fw  the  ADAM, 
adapted  with  the  modified  segments,  to  respond  with 
mote  human-like  kinematics  when  subjected  to  dynamic 
load  conditions.  Table  4  lists  the  actual  skeletal  segment 
weights  combined  with  the  calculated  flesh  cover  design 
weights.  These  weights  are  compared  with  the  3rd- 
percentile  male  total  segment  design  goal  weights. 

5.6  Conclusions 

This  program  has  demonstrated  the  technical  feasibility 
of  using  composite  structural  components  in  «lvanced 
manikins.  The  program  results  have  shown  that  human¬ 
like,  total  segment  inertial  properties  can  be  achieved; 
sufllcient  durability  to  withstand  violent  testing 
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Figure  17.  • 

Arm  assembty  prototype. 


Figure  18. 

Leg  assembly  prototype. 


Table  3. 

Material  selection 

Segment 

Upper  Qevis 

Insert 

Tube 

Lower  Clevis 

Stops 

Upper  Leg 

Titanium 

Aluminum 

Graphite/Epoxy 

Stainless  Steel 

Aluminum 

Lower  Leg 

Graphite/Epoxy 

Aluminum 

Graphite/Epoxy 

Graphite/Epoxy 

Aluminum 

Upper  Arm 

Graphite/Epoxy 

Aluminum 

Graphite/Epoxy 

Aluminum 

Aluminum 

Lower  Arm 

Titanium 

Aluminum 

Graphite/Epoxy 

Aluminum 

Aluminum 

ARM 

Upper  Skeletal 
Lower  Skeletal 
Joint  Hardware 
Upper  Flesh  Cover 
Lower  Flesh  Cover 


Total  Ann  Weight 


Table  4. 

Segment  weight  comparison 


Design 

Calculated 

Weight  Goal 

Weight  (CAD) 

(3rd-Percentile  Male) 

(lb) 

Ob) 

LEG 

Upper  Skeletal 

7.77 

8.07 

Lower  Skeletal 

1.85 

1.54 

Jmnt  Hardware 

0.26 

026 

Battoies 

1.59* 

1.59 

Upper  Flesh  Cover 

7.02 

7.09 

Lowa  Flesh  Cover 

5.26* 

5.26 

Total  Leg 

23.75 

23.81 

*Ci)culated  ntfag  oanptaer-tided  den^  (CAD). 


17-15 


3rd%  Simula  ADAM  3rd%  Simula  ADAM  3rd%  Simula  ADAM 

Goal  Design  Goal  Design  Goal  Design 


Figure  19. 

Lower  leg  mass  properties  comparison. 


conditions  can  be  met;  surface  molds  that  possess  flesh- 
like  enagy-absorbing  properties  can  be  used;  and  that 
mechanical  designs  allowing  proper  joint  articulation  and 
resistive  properties,  as  well  as  measurement  of  joint 
motions,  are  viable. 

Composite  materials  were  used  to  redesign  the  ADAM 
limb  segments,  achieving  mass  properties  that  are  more 
representative  of  the  human  while  maintaining  the 
strength  required  for  the  manikin  to  survive  the  ejection 
seat  test  enviroiunent.  The  mass  in  the  segments  was 
redistributed  by  reducing  the  weight  of  the  skeletal 
components,  and  by  increasing  the  weight  of  the  flesh 
components.  Graphite/epoxy  unidirectional  prepreg  tape 
was  the  composite  material  used  to  fabricate  the  bone 
segments  and  a  dense  polymer  was  used  to  represent  the 
human  flesh. 

6.  RECOMMENDATIONS 
These  two  manikin  ctevelopments,  the  neck  and  the 
composite  limbs,  represent  significant  advances  in 
manikin  technology  for  military  testing  applications. 

The  neck  development  provides  the  first  z-axis  response 
testing  capability  and  has  current  application  in  the 
investigation  of  added  head  mass  effects  on  neck  loading. 
The  composite  segment  development  can  be  expected  to 
improve  gross  motion  simulations,  but,  perhaps  more 
importffiitly,  it  will  allow  the  use  of  flesh  molds  that 
absorb  energy  in  a  manner  similar  to  that  of  human  flesh. 
Both  of  these  developments  improve  the  brofidelity  of 
manikins,  can  be  applied  to  manikins  other  than  the 
ADAM,  and  bring  ciosCT  the  ability  to  use  internal 


manikin  measurements  for  injury  likelihood  assessments 
in  aerospace  environments. 

The  next  steps  in  this  process  are  to  implement  the  neck 
design,  perform  validation  tests  on  the  neck,  and  develop 
response-injury  conelations.  With  respect  to  composite 
limb  developmenL  full  manikin  impact  testing  should  oe 
performed  to  establish  a  degree  of  improvement  due  to 
mote  human-like  segment  mass  distribution.  This  testing 
could  be  conducted  on  a  single  manikin  equifqied  with 
original  limb  segments  on  one  side  and  composite  limb 
segments  on  the  other  side.  The  flesh  response  should 
also  be  investigated  by  conducting  impact  tests  on  a 
manikin  equipped  completely  with  composite  limbs  and 
flesh.  The  energy  absorption  characteristics  for  this 
manikin  would  be  measured  and  compared  to  that  of  the 
human  and  current  manikins. 
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SUMMARY 

Anthropomorphic  crash  test  dummies  have  been  used  by  the 
automotive  industry  for  many  years  in  order  to  develop  safer  road 
transpcM-t.  Accident  investigations  have  shown  how  vehicle  de¬ 
sign  has  improved,  with  the  number  and  severity  of  road  casualty 
injuries  decreasing  despite  increased  use  of  road  transport.  Several 
different  types  of  dummy  of  differing  levels  of  sophistication  are 
used  to  approve  vehicles  to  a  number  of  different  standards  and 
regulations.  Dummies  are  used  either  to  approve  restraint  systems 
at  the  component  level  or  in  full  vehicle  impact  tests.  Various 
performance  criteria  must  be  met  by  anthropomorphic  test 
dummies,  and  these  criteria  are  discussed  with  reference  to  the 
interests  of  the  vehicle  designer,  the  biomechanical  engineer  and 
the  legislative  authority. 

The  paper  concentrates  on  the  ap^oach  to  dummy  design  used  to 
develop  tlie  new  European  Side  Impact  Dummy  EUROSID-1. 
The  methodology  used  to  develop  certification  techniques  is 
described  as  well  as  the  dummy  itself.  Techniques  to  calibrate  a 
dummy  in  terms  of  predicting  human  injury  risk  are  reviewed. 
The  techniques  described  are  common  to  all  automotive  crash 
test  dummies  and  can  be  applied  to  the  design  and  development 
of  anthropomorphic  dummies  to  be  used  in  oUier  disciplines. 


1.  INTRODUCTION 

Road  transportation  has  and  continues  to  be  a  major  source  of 
human  injury  and  as  such  is  a  drain  on  the  resources  of  any 
country.  In  (he  UK  in  1951.  when  statistics  became  available,  a 
vehicle  population  of  4.7m  units  existed  associated  with  1 78,000 
personal  injury  accidents.  In  1990  the  vehicle  population  had 
risen  to  24.7m  motor  vehicles  and  there  were  258,000  pnsonal 
injury  accidents.!  1 1  Although  the  overall  number  of  accidents  has 
increased  by  over  40%  over  this  period  the  number  of  vehicles 
has  increased  by  over  400%.  Examining  the  data  in  more  depth 
shows  that  the  number  of  pedestrians  and  motorcyclists  killed, 
the  most  vulnerable  groups,  have  fallen  by  30%  and  40%  respec¬ 
tively  but  other  forms  of  transport,  mainly  cars,  has  risen  by  over 
200%  These  figures  do  not  necessarily  indicate  that  oUict  transport 
inodes  have  become  safer  but  that  there  has  been  a  large  move¬ 
ment  away  from  motorcycle  and  pedestrian  transport.  Examining 
the  proportion  of  accidents  resulting  in  death  and  serious  injury 
shows  that  the  [mportioo  of  car  occupant  causalities  suffering 
fatal  injuries  has  fallen  by  1 5%  and  those  suffering  serious  injury 
by  30%.  Tile  reduction  in  fatal  and  serious  injury  proportions  is 
attributable  to  a  number  of  factem,  one  of  which  is  the  ise  of 
advanced  crash  test  dummies  to  develop  safety  systems.  In  a 
financial  perspective  the  cost  of  road  accidents  in  the  UK  in  1990 
was  estimated  to  be  £6,70On  of  which  £5,30Chn  was  attributed  to 
personal  injury  accidents.  Statistics  clearly  indicate  that  road 
transport  is  costly,  both  in  finaocial  and  human  suffering  terms. 
Many  improvements  are  still  possible,  to  reduce  further  the  cost 
of  human  misery. [21 

Several  different  af^xoaches  are  used  to  reduce  both  the  number 
of  accidents  and  the  severity  of  any  personal  injury.  Vehicie 
safety  is  frequently  divided  into  two  areas  called  '(ximary’  or 
'secondary*  safety.  Primary  safety  iscoocemed  with  the  prevention 
of  an  accident  occurring  whilst  secondary  safety  is  concerned 
with  reducing  injury  risk  once  an  accident  has  necurred.  Primary 
safety  therefore  deals  with  ro^  design,  junction  layout,  driver 


education  and  also  vehicle  handling  and  braking  performance. 
Secondary  safety  concerns  the  vehicie  itself,  its  impact  per¬ 
formance,  its  ability  to  absorb  impact  energy  in  an  accident  and 
the  performance  of  any  occupant  restraint  system,  the  aim  of 
which  is  to  reduce  the  risk  and  severity  of  traumatic  injury  to  the 
vehicle  occupants.  To  some  extent  secondary  safety  can  also 
relate  to  the  design  of  the  vehicle's  exterior  with  respect  to 
impacts  against  pedestrians.  Crash  test  dummies  are  frequently, 
although  not  exclusively,  used  to  evaluate  secondary  safety 
features  both  inside  and  outside  of  the  vehicle.  They  can  be  used 
either  to  determine  injury  risk  or  simply  to  load  a  surface  or 
restraintsystem  up  to  arealistic  level  in  asemi-realistic  way.  Being 
a  human  surrogate  they  have  to  exhibit  several  human-like 
characteristics  and,  depending  upon  usage,  how  well  they  simulate 
a  human  can  vary. 


Figur9  l  European  Side  Impact  Dummy,  EUROSID>1 . 


This  p^r  initially  reviews  Uh.  '>«e  of  crash  test  dummies  within 
the  automotive  industry  examining  'v  and  when  they  are  used. 
The  necessary  attributes  ^f  an V  test  duir.  ,  're  examined  as  well 
as  the  design  process,  llie  development  oi  the  thorax  of  the 
European  Side  Impact  Dummy  HURuSID-1,  Figure  1,  is  re¬ 
viewed  as  an  example  of  this  process.  The  importance  of  dummy 
cei  tf5cation  to  defined  performance  requirements  (Section  3.4) 
and  dummy  calibration  against  human  tolerance  levels  (Section  4) 


is  developed  within  the  paper.  The  design  and  development  of 
crash  test  dummies  is  not  unique  to  the  automotive  field  and  many 
of  the  procedures  reviewed  in  the  paper  can  equally  be  applied  to 
the  development  of  other  anthropomorphic  dummies,  in  otlier 
disciplines. 

2.  AUTOMOTIVE  CRASH  TEST  DUMMIES 

Crash  test  dununies  perform  two  basic  tasks  in  vehicle  safety. 
The  first  is  to  load  the  vehicle  or  safety  system  dynamically  and 
requires  afairly  simple  dummy,  while  the  second  is  to  indicate  the 
type  and  severity  of  any  injury  that  a  human  might  sustain  in  the 
impact,  which  requires  a  much  more  complex  dummy.  Not  all 
complex  dummies,  used  to  study  injury  risk,  are  able  to  be  used 
in  the  same  impact  situation.  This  is  clearly  seen  in  the  frontal  and 
side  impact  conditions.  In  a  frontal  impact,  in  which  the  occupant 
is  restrained,  the  mechanisms  of  injury  are  likely  to  be  deceloa- 
tion  based,  with  occasional  occupant  to  interior  surface  contact, 
whereas  in  a  side  impact  the  occupant  on  the  struck  side  of  the 
vehicle  will  be  directly  struck  by  the  intruding  structure  of  the 
vehicle.  With  the  different  injury  producing  mechanisms  and 
load  paths  in  side  impat  t$  it  is  essential  to  have  a  dummy  capable 
of  correctly  representi  ig  a  human  in  these  different  impact 
environments  and  able  to  detect  the  potential  injury  mechanisms. 

Oummies  can  be  used  to  represent  several  different  types  of  road 
user.  Three  attributes,  size,  directionality  and  complexity  are 
determined  by  each  dummy’s  basic  role.  Not  all  tesbng  with 
dummies  is  centred  on  full  scale  crash  testing  with  whole  vehi¬ 
cles.  In  addition  to  being  able  to  study  vehicle  and  restraint 
interaction  effects  it  is  important  to  be  able  to  approve  and  study 
the  performance  of  restraint  systems  in  a  simpler  and  less  costly 
way. 

In  general  complex  dummies  are  designed  to  be  able  to  detect 
loads  likely  to  cause  skeletal  fractures,  deceleration  injury  to 
internal  organs  and,  in  some  cases,  laceration  injury.  They  are 
used  in  research  and  biomecbanically  based  legislative  test 
procedures.  Simple  dummies  are  used  to  quality  assure  compo¬ 
nents  in  legislative  test  procedures. 

Not  all  safety  assessment  tests  are  carried  out  using  complete 
dummies.  Simpler,  much  less  complex  tests,  are  performed  with 
'  impactors'  representing  mdi  vidual  human  body  parts,  to  evaluate 
interior  surfaces  or  components.  One  such  impactor  is  a  rigid 
hemi-spherical  impactor  representing  the  head,  evaluating  inte¬ 
rior  surfaces.[3]  Another  headform  is  used  to  approve  crash 
helmets  in  a  simple  drop  test  onto  an  anvil.(4] 


2.1  Adult  Dummies. 

The  most  obvious  use  of  crash  test  dummies  is  inside  can  being 
crash  tested,  in  ‘legislation  directed'  impact  testing.  There  are 
two  types  of  whole  vehicle  legislative  test,  frontal  impact(5I  and 
side  unpact(6]  using  sophisticated  dummies. 


2.1.1  Frontal  Impact  Dummies. 

In  frontal  ‘whole  vehicle'  testing  two  complex  US  dummies  are 
frequently  used,  the  Hybrid  II  and  its  development  into  Hybrid 
III  The  Hybrid  II  dummy  was  initially  developed  to  study  the 
injury  risk  of  unrestrained  occupants  and  the  safety  of  air  bags. 
The  principal  UK  and  European  restraint  system  is  the  lap  and 
diagonal  seat  belt.  Neither  of  the  US  dummies  has  a  good  human¬ 


like  shoulder  and  thoracic  structure  for  quality  evaluation  of  belt 
restraint  systems.  A  more  human-like  dummy  the  OPAT[7]  was 
developed  in  the  UK,  and  is  used  by  the  TRL,  to  study  the 
performance  of  ‘belt'  based  restraint  systems.  OPAT  has  not 
become  an  ‘im-rnationally  recognised'  dummy  for  legislative 
testing.  To  be  better  able  to  evaluate  belt  based  systems  iriore 
reliably  in  addition  to  airbag  restraints,  NHTSA  in  conjunction 
with  the  European  Experimental  Vehicle  Committee  (EEVC)  is 
currently  developing  a  new  advanced  frontal  dununy  thorax 
called  ATD50.[8] 

A  very  early  dummy  still  in  use  at  TRL  as  a  ‘make  weight' 
dummy  in  general  impacts,  is  a  dummy  developed  by  the  Royal 
Aircraft  Establishment  in  the  195(}s[9]  for  parachute  harness 
testing.  A  modem  version  of  this  dummy  is  the  Rescue  Dummy 
developed  for  use  by  the  emergency  services  in  the  UK.* 

For  general  quality  assurance  applications  simple  low  cost  dum¬ 
mies  are  used,  in  which  no  instrumentation  may  be  needed. 
Impact  testing  on  crash  test  sleds  is  used  to  assess  and  improve  the 
safety  of  ‘sub-sysiems'  Tike  seat  belts,  an  example  of  which  is  the 
approval,  within  Europe,  of  adult  seat  belts  to  ECE  Regulation 
16.[10]  This  test  uses  a  less  complex  dummy  than  those  used  in 
frill  scale  vehicle  impact  testing,  as  the  dummy's  main  function 
is  to  'load'  the  restraint  for  'strength'  testing  rather  than  to 
evaluate  injury  mechanisms  and  injury  risk.  The  TNOlO 
dummy ,[1 1]  used  in  this  regulatory  test,  is  a  very  simple,  one 
legged  dummy  with  little  biofidelity  and  minimal  instrumenta¬ 
tion  capability. 


2.U  Side  Impact  Dummies. 

Side  impact  loading  conditions  are  very  different  from  the  frontal 
ones.  Three  special  side  impact  dummies  are  currently  available 
to  study  side  impact  injury  risk.  Only  the  DoT-SID  is  specified  for 
use  in  a  current  legislative  test  procedure{5]  The  DoT-SlD 
dummy  has  the  capability  of  measuring  injury  risk  in  the  thoracic 
area  only,  whereas  the  other  two  dummies,  BIOSID[12]  and 
EUROSID-l,{13]  can  assess  injury  risk  in  the  head,  thorax, 
abdomen  and  pelvic  areas.  An  Advanced  Notice  of  Proposed 
Rule  Making  within  the  US  indicates  that  the  current  side  impact 
standard  might  be  reviewed  to  allow  the  use  of  one  or  both  of 
these  more  advanced  dummies.j  14]  Within  Europe  a  new  side 
impact  directive  has  been  discussed,  using  the  EUROSID-1 
dummy,  with  an  enactment  date  of  1995.]  IS] 


2.U  Pedestrian  Dummies. 

Pedestrian  injury  has  fallen  dramatically  in  the  UK  over  t'le  years. 
This  is  not  necessarily  a  result  of  improved  vehicle  design  but 
more  a  result  of  changing  travel  patterns,  transport  systems,  road 
design  etc.  To  improve  further  the  situation  for  pedestrians  strude 
by  cars,  safety  research  is  carried  out  on  the  exterior  of  cars  using 
special  dummies .  These  are  often  modified  ‘  in  vehicle'  dummies, 
the  principal  modifications  being  to  the  pelvis  and  to  the  legs 
giving  the  lower  limbs  a  higher  degree  of  biofidelity  and  injury 
measuring  capability.]  16]  The  pedestrian  version  of  the  OPAT 
dummy  is  used  by  TRL.  Its  legs  have  been  redesigned  to  measure 
both  leg  impact  accelerations  and  leg  bending  forces.  For  legis¬ 
lative  purposes  component  tests  using  impactors  are  being  devel¬ 
oped,  based  on  the  results  of  impacts  using  these  dummies. 

A  simple  pedestrian  dummy  for  assessing  the  safety  of  vehicles 
was  developed  in  Sweden  and  France,  having  only  a  single  leg. 


‘The  Emergency  Rescue  Dummy’  is  a  product  manufactured  by  OGLE  Design  Ltd.  Letchworth,  Herts.  UK. 


to  L-nprove  test  repeatability  io  a  possible  legislative  proce- 
dure.[17] 


2.14  Motorcycle  dummies. 

As  for  pedestrians,  motorcycle  injury  has  fallen  dramatically  due 
to  reduced  numbers  of  motorcyclists  and  changed  usage  of 
motorcycles.  Again  improvements  ate  possible  and  tests  are  now 
being  carried  out  on  motor  cycles  in  order  to  reduce  the  high  risk 
of  lower  limb  injuries  to  moto'  -clists.  For  this  type  of  impact 
seated  dummies  with  special  load  measuring  legs  are  used  to 
study  and  develop  leg  protection  systems  and  other  advanced 
protection  systems  such  as  motorcycle  air  bags.[18] 

One  dummy  modified  for  use  in  motorcycle  testing  has  been 
developed  in  Canada  and  is  a  derivative  of  the  Hybrid  III  frontal 
dummy .[  1 9]  Another  motorcycle  dummy  is  based  on  the  OPAT 
dummy  and  has  been  used  extensively  in  the  UK  at  TRL.[1 8]-(20] 
The  UK  dummy  legs  are  covered  in  an  aluminium  honeycomb 
material,  enabling  post  crash  assessment  of  impact  eaergy  to  be 
made. 


2.2  Child  Dummies. 

All  the  previous  discussion  has  related  to  dummies  based  on  the 
adult  population.  Children  change  rapidly  in  shape,  mass  and 
physical  structure  especially  io  the  earlier  years.  Although  con¬ 
ventional  adult  restraints  can  protect  children  from  excessive 
injury,  special  child  restraints,  designed  for  a  particular  size 
category,  can  improve  the  protection  levels  afforded  to  children. 
Within  Europe  and  the  UK  special  child  sized  dummies  are  used 
to  develop  and  approve  child  safety  devices.(21]  [22]  The  main 
European  dummies  are  produced  in  the  Netherlands  and  the  UK 
and  are  based  on  five  child  sizes.  Thedummies  represent  the  SOth 
percentile  mass  child  for  an  ‘at  birth'  baby  (called  PO),  a  9  month 
old  child  (P3/4),  3  year  old  (P3),  6  year  old  (P6)  and  10  year  old 
(PIO).  Since  the  main  role  of  the  dummies  is  the  ‘approval’  of 
child  safely  systems,  they  are  fairly  simple.  The  dummies  were 
designed  with  appropriate  dimensions  and  mass  distributions  to 
load  child  restraints  dynamically,  and  also  to  detect  potentially 
injurious  circums''inces  deriving  from  high  chest  acceleration 
an>!  abdominal  loading  resulting  from  submarining.  There  is 
basic  instrumentation  in  the  abdomen  and  thorax  but  a  high 
degree  of  biofidelity  is  not  one  of  their  prime  features. 

3  AUTOMOTIVE  DUMMY  DESIGN. 

3.1  Requirements. 

A  test  dummy  is  designed  to  be  a  human  surrogate  io  a  crash  lest. 
As  with  many  lest  devices  the  design  and  development  is  a 
compromise  between  a  number  of  conflicting  requirements.  The 
following  paragraphs  detail  the  principal  design  attributes  of  a 
dummy.  Depending  upon  eventual  dummy  usage  the  relative 
importance  of  each  attribute  will  be  different. 


3.1.1  Anthropometry. 

One  of  the  prime  functions  of  a  crash  lest  dummy  is  that  it  should 
have  similar  shape,  mass  distribution  and  joint  articulations  to 
that  of  the  human.  Base  anthropometric  data  is  fairly  easy  to 
obtain  except  for  segmental  masses,  segment  moments  of  inertia 
and  segment  centres  of  gravity.  The  most  recent  data  on  motor 


vehicle  occupants  has  been  generated  in  the  USA.{23]  The 
previous  data  base  used  was  also  based  on  the  US  populalioo.[24] 

Adult  dummies  representing  three  size  groups  are  defined.  The 
most  frequently  used  crash  test  dummy  is  the  SOth  percentile 
adult  male,  representing  ‘Mr  Average'.  Two  further  dummies 
representing  the  ends  of  the  adult  populatiou  are  occasionally 
used.  One  is  a  dummy  representing  the  larger  occupant,  the  9S8i 
percentile  adult  male,  and  one  for  the  smaller  adult,  the  Sth 
percentile  adult  female.  The  precise  size  of  a  dummy  is  a 
compromise  between  severaldifiinent  requirements.  Based  purely 
on  acollection  of  average  segment  linear  dimrasions  and  segment 
masses  a  dummy  would  not  equate  to  the  average  human.  This 
problem  is  even  mote  pronounced  if  the  Sth  and  9Sth  percentile 
is  considered.  In  order  to  produce  a  given  percentile  dummy 
principal  dimensions  are  selected,  and  from  these  compromises 
are  made  to  produce  the  overall  dummy.  For  car  occupants  the 
stature  is  obtained  by  combining  seated  height  and  leg  length, 
other  dimensions,  such  as  shoulder  width,  chest  circumference 
etc,  are  selected  to  suit. 

Child  dummies  are  defined  by  age  and  are  intended  to  represent 
the  SOth  percentile  child  for  that  age. 


3.12  Biofidelity. 

Biofidelity  is  the  degree  to  which  a  surrogate  duplicates  the 
properties  of  the  living  subject  which  it  is  intended  to  represent. 
As  far  as  automotive  dummies  ate  concerned,  it  usually  applies 
to  the  dynamic  response  to  impact  conditions.  A  test  dummy  must 
have  an  acceptable  level  of  biofidelity  in  order  to  respond  in  an 
impact  in  the  same  way  as  a  living  human  would.  The  acceptable 
degree  of  biofidelity  is  dependent  upon  the  ever  .al  use  of  the 
dummy.  A  high  level  of  biofidelity  is  necessary  in  order  to  study 
injury  risk.  This  is  the  most  difficult  of  all  the  design  attributes  of 
a  crash  test  dummy  for  two  main  reasons.  Firstly,  the  scarcity  of 
good,  relevant  biofidelity  design  data  and  secondly  the  assess¬ 
ment  of  whether  the  measured  biofidelity  of  the  developed 
dummy  is  sufficient.  Since  the  biofidelity  of  a  dummy  is  required 
for  injury  risk  assessment  in  an  injury  (Hoducing  environment, 
the  design  data  must  also  be  available  for  this  same  environment. 
Some  limited  human  volunteer  data  are  available  at  low  energy 
sub-injury  producing  levels,  but  obviously  not  at  high  energy 
injury  producing  levels .  Most  high  energy  data  are  obtained  from 
cadaver  testing,  originating  in  the  USA,  Germany  and  France. 

Cadaver  tests  can  be  spht  into  two  main  types,  full  body  impacts 
and  discrete  body  region  impacts.  The  latter  type  of  test  can  be 
further  split  into  two  types,  discrete  tests  performed  on  a  complete 
cadaver  and  those  performed  on  dissected  body  parts. 

The  value  of  the  cadaver  data,  for  the  purposes  of  derining  the 
performance  of  an  automotive  test  dummy,  is  highly  correlated 
to  the  type  of  impact  being  performed  and  the  parameters  being 
assessed.  Cadavers  cannot  exhibit  many  of  the  attributes  of  the 
living  body.  Care  must  be  taken  in  evaluating  the  biofidelity  of  a 
dummy  based  purely  on  cadaveric  responses.  To  some  extent  the 
value  of  the  cadaver  data  itself  is  dependent  on  jie  condition  of 
the  cadaver  at  the  time  of  the  impact  test,  whether  fresh  or 
embalmed,  and  the  conditioo  of  the  donor  at  time  of  death  -  age, 
nourishment  and  cause  of  death  etc.  Cadavers  do  not  have  any 
muscle  tone  nor  any  natural  internal  body  pressure  from  circu¬ 
latory  systems,  both  of  which  can  have  a  strong  influence  on 
responses  to  impact.  Cadaveric  tests  used  to  determine  the 
kinematic  performance  of  the  neck  will  be  of  limited  use  since  the 
cadaver  is  not  able  to  support  its  ov. ..  neck  pre-impact  or  control 


The  European  child  dummies  are  distributed  by  TNO,  Delft,  Netherlands. 


Figure  7. 

Head  and  neck  angle  response,  concept  demonstrator  design,  1S-G  fonward  impact. 
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its  articulaCioD  and  displacement  during  an  impact,  whereas  an 
impact  to  the  skull  shidying  skeletal  ftacture  diresbolds  would 
have  0U)re  relevance.  Impacts  to  the  thorax  are  less  clearly 
defined  since  the  performance  of  the  thorax  is  a  combination  of 
skeletal  strength,  pressure,  muscle  tone  and  visceral  components, 
the  (wopoTtionate  influence  of  each  being  difficult  to  determine. 
Test  environment  is  also  likely  to  have  a  strong  influence  on  the 
response  of  a  cadaver.  Gravitational  effects  can  influence  the 
mass  distribution  and  shape  of  the  cadaver  compared  to  a  live 
si^ject 

Considering  these  many  influences  the  cadaver  data  must  be 
ciiticaUy  reviewed  and  prioritised. 


3.U  Repeatability. 

A  test  dummy,  like  any  other  item  of  test  equipment,  must  give 
the  same  output  when  subjected  to  the  same  input  This  dummy 
attribute  is  slightly  at  variance  with  respect  to  the  response  of  a 
human  in  that  the  same  humm  might  respond  differently  due  to 
muscle  lone  or  respirat<M7  condition  to  the  same  input. 

A  vehicle  impact  test  can  have  many  possible  variations,  so 
dummy  repeatability  is  usually  quantified  in  well  controlled 
*ooa-vdiicle'  impact  tests.  An  assessmoitof  dummy  repeatability 
can  be  gained  by  examining  peak  dummy  responses  flom  repeated 
tests  with  the  same  dummy.  Where  a  test  has  been  repeated  more 
than  once  the  Coefficitfit  of  Variaiion(%).  can  be  derived  flom 
the  mean  response  value  and  the  standard  deviatioa.  The  greater 
the  number  of  repeat  tests  the  better  is  the  quality  of  the  estimate 
of  the  Coefficient.  U  is  generaUy  considered  that  a  Coefficient  of 
Variation  of  about  10%  is  acceptable  for  complex  crash  test 
dummies,  under  well  controlled  test  conditioos. 


3.14  ReprodudbiUty. 

Reproducibility  is  very  similar  to  repeatability  but  is  the  exten¬ 
sion  of  repeatability  toother  identical  dummies.  Differentdumnues 
built  to  Che  same  design  must  give  the  same  results  from  a  similar 
unpact.  To  assess  reproducibility  several  samples  of  (be  same 
dummy  should  be  tested  at  the  same  establishment  in  order  to 
eliminate  any  additional  variatton  (M'eseot  between  test  establish¬ 
ments.  To  assure  re|HoducibiUty  dummies  are  subjected  to  a 
range  of  certification  tests.  (See  Section  3.4) 


3.13  Robustness. 

'  Robustness  is  adeviation  flom  (he  humancharactehstic.  Whereas 

a  human  could  be  injured  in  an  impact  and  become  structurally 
‘unsound*,  the  dummy  is  usually  required  to  r^ain  structurally 
intact  In  order  to  improve  vehicle  design  (he  dummy  must  be  able 
to  record  the  extent  of  any  overload  rather  than  the  knowledge 
(hat  an  overload  had  occurred  in  excess  of  the  dummy's  strength. 
Knowing  the  amplitude  of  overload  enables  a  counter-measure  of 
known  response  to  be  developed.  EXimmy  robustness  is  an 
unportant  aspect  in  terms  of  vehicle  development  costs. 

Robustness  as  definoJ  above  is  not  always  required  with  in  ail 
dummies,  since  dvunmies  with  tangible  elements  are  used  for 
specific  purposes.  Frangibility  has  been  suggested  to  invesL^ate 
the  effect  of  breaking  legs  on  the  'fttt  flight  trajectory’  of  a 
motorcycle  dummy.(I9]  though  frimgible  componenU  have  (be 
disadvMiU^e  that  they  can  give  no  indication  of  the  extent  of 

I  overload  and  the  materials  used  may  also  introduce  an  undesir¬ 

able  variability  .(2$) 


3.14  Sensitivity. 

It  is  important  that  the  test  dummy  is  sensitive  to  impact  hut 

relatively  insensitive  to  extraneous  parameters  like  temperature 

and  humidity  effects.  A  dummy's  response  must  vary  in  areliable 

manner.  Where  an  input  varies  in  such  a  way  that  injury  risk  will 

change  so  must  the  dummy's  output  change.  Conversely  when 

evaluating  the  performance  of  a  car  it  is  not  desirable  th^  small 

differences  in  impact  location  on  the  dummy,  wfaicb  would  not  i 

substantially  change  the  risk  of  injury  in  a  human,  sbcMild  [woduoe 

large  variations  in  dummy  output 


3.1.7  Economy. 

Crash  testing  can  be  viewed  as  a  development  overhead,  thus  it 
is  desirable  to  minimise  the  cost  of  testing.  Several  of  the 
attributes  already  discussed  bear  on  the  cost  of  maintaining  the 
dummy  in  usable  order.  One  of  the  other  cost  elements  in  crash 
testing  is  the  initial  capital  cost  of  the  dummy  itself  The  cost 
element  also  covers  the  expenditure  necessary  on  instrumenta¬ 
tion  and  data  processing  as  well  as  the  complexity  and  frequency 
of  dummy  certification. 


33  Instrumentation. 

The  standard  instnimentatioD  and  complexity  of  instrumentation  ^ 

in  any  dummy  is  a  function  of  its  ability  to  detect,  and  predict 
accurately,  injury  risk. 

Two  approaches  to  dummy  transducer  design  can  be  t^eo. 

Firstly  a  continuously  measuring  device,  giving  a  varying  output 
for  a  range  of  inputs.  Secondly  a  go  /  no-go  type  of  measuring 
devi<«  eg.  a  switcb[26]  or  a  failing  element  like  a  frangible  f^ 
foiin.[27]  Of  the  two  design  philosophies  the  form«^  method  is 
the  most  frequently  adopted  and  acc^ted  in  the  automotive 
industry. 

Most  dummy  heads  are  currently  instrumented  with  three  axes  of 
linear  acceleration.  However  arrays  of  nine  accelerometers  are 
now  being  used  to  study  not  only  linear  acceleration  but  also 
rotational  acceleration  of  the  bead.  AcceleratioD  of  die  thorax  and 
pelvis  is  commonly  measured.  Thoracic  deformation  is  now 
being  recorded  in  side  impact  and  frontal  dummies.  Forces  are 
measured  in  the  abdomen  and  pelvis  of  the  EUROSID-1  dummy. 

Many  new  specialised  transducers  have  been  developed  to  measure 

shear  and  bending  forces  as  well  as  tensile  and  compressive 

forces,  for  dummy  parts  such  as  the  neck  and  lumbar.  A  new 

instrumentation  system  is  currently  underdevelopment  to  study 

chest  deformation  and  loading.  The  chest  baud  is  a  strain  gauged 

beii{28]  that  is  strapped  around  the  thorax  aix3  can  measure 

deformation  [MofUes  dynamically.  A  current  version  of  the  chest  > 

band  uses  42  data  channels. 

The  second  type  of  transducer,  go  /  no-go  devices,  cannot  address 
the  {uoblem  of  ‘By  how  much  did  it  fail?’  Although  switch  type 
devices  can  be  readily  calibrated,  frangible  devices  cannot,  since 
'failure'  is  their  sense  mechanism.  CalilvatioD  of  a  fi^gible 
device  is  a  contentious  issue.  Frangible  devices  can  only  be 
certified  by  quality  assured  production  methods  and  by  sample 
batch  testing.  Even  so  confidence  in  their  perfcMinance  is  low 
since  (here  is  always  the  doubt  whether  ‘a  good  sample’  was  used  < 

in  the  test.  Retrospective  testing  of  frimgible  elements  that  have 
not  broken  can  lake  place  but  again  uncertainty  undeiiies  retro¬ 
spects^  certifKation  since  the  sample  could  have  been  damaged 
during  (be  impact. 


3J  Dummy  Design  Methodolc^ 
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The  most  impoitant  design  feature  in  any  dummy  is  the  desired 
level  of  biofidelity.  Simple  dummies  used  for  quality  assurance 
tasks  are  mainly  design  based,  requiring  little  if  any  dynamic 
performance  attributes.  Dummies  requiring  a  high  degree  of 
biofidelity  must  be  certified  and  designed  on  a  performance 
basis,  as  well  as  a  design  basis. 

The  design  of  any  advanced  crash  test  dununy  is  , .  nly  based  on 
a  two  part  specification.  The  dummy  must  first  meet  certain 
dimensional  criteria  (mass,  shape  and  joint  articulation).  Sec¬ 
ondly  the  dummy  must  conform  to  certain  kioematic  criteria.  The 
first  part  of  the  specification  is  fairly  easily  met  being  based  on 
easily  measured  paratrteters.  The  achievement  of  adequate  kin¬ 
ematic  biofidelity  performance  is  a  much  more  difficult  problem, 
even  after  basic  performance  data  on  the  dynamic  performance  of 
a  human  have  been  obtained. 

As  has  already  been  stated  crash  test  dummies  are  used  to  study 
high  energy  crash  environments,  in  which  human  severe  trau¬ 
matic  injury  or  death  is  apossibiUty  in  a  human.  Since  live  subject 
testing  is  not  possible  data  based  on  human  cadavers  is  used,  with 
compensations  being  made  to  ‘humanise’  the  cadaveric  re¬ 
sponses  where  necessary  to  make  them  mote  closely  relate  to  the 
performance  of  a  live  human  being.  In  addition  since  not  all 
cadavers  are  of  the  same  size  and  shape  ‘normalisation'  of 
cadaver  responses  is  carried  out  to  ‘correct’  the  data  to  a  mean 
cadaver  response.  For  a  side  impact  dummy  an  ISO  working 
group  developed  a  set  of  design  targets.[29]  The  EEVC  re¬ 
examined  the  cai'i-ver  data  and  extended  the  ISO  work  to  develop 
a  more  closely  defined  set  of  design  targets  for  a  side  impact 
dummy.  The  EEVC  also  rated  the  requirements  with  respect  to 
their  appropriateness  for  defining  the  performance  of  a  side 
impact  dummy  used  to  represent  occupants  in  a  vehicle  impact, 
m  terms  of  test  repeatability,  reproducibility  and  level  of  injury 
severity  .[301 

Several  different  design  methodologies  exist  to  develop  a  crash 
test  dummy.  One  very  poor  design  process  is  to  design,  build  a 
mechanical  surrogate  and  then  to  develop  it  during  a  large 
programme  of  ad  hoc  impact  testing,  until  a  reasonable  match 
exists  between  desired  and  actual  performance.  Although  this  is 
a  valid  developmental  method,  little  can  be  learnt  about  the  full 
dynamic  performance  of  the  dummy,  other  than  the  information 
gathered  from  whatever  instrumentation  may  be  used.  A  more 
broadly  based  and  better  method  is  to  commence  development 
with  mathematical  modelling  of  the  human  in  the  impact  condi¬ 
tions  in  which  the  cadavers  were  tested  and  in  which  the  dummy 
will  eventually  tested,  the  mathematical  model  being  set  up  in  the 
general  form  of  how  the  final  dummy  might  be  built.  This 
methodology  allows  the  designer  to  obtain  a  better  understanding 
of  not  only  the  cadaver  test  but  also  the  planned  dummy’s 
performance  in  terms  of  stress/stiffiiess  levels  and  any  potential 
injury  related  indices.  This  latter  design  method  was  adopted  by 
TRL  for  the  design  of  the  thorax  of  EUROSID-l .  Figure  2  and 
Figure  3  show  the  developed  computer  model  of  the  EUROSID- 
I  rib  module  and  the  rib  design  developed  by  TRL. 

A  lumped  mass  computer  model  of  a  thorax  was  developed  by 
Langdon,[31]  utilising  the  ACSL  simulation  language.  Using 
this  model  sensitivity  checks  were  made  to  determine  the  role  of 
each  of  the  individual  elements  of  the  thorax.  The  model  was 
exercised  against  the  three  available  cadaver  data  bases,  impactor, 
sled  and  free  fall  drop  tests,  in  more  than  two  hundred  simulations. 

During  the  computer  modelling  period  it  was  found  that  no  single 
data  set  for  the  model  couM  be  used  to  match  all  of  the  three 
cadaver  data  bases.  The  conclusioo  was  that  either  the  three  test 
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Figure  2  Computer  model  of  EUROSID  rib. 


procedures  were  incompatible,  or  that  the  lumped  mass  model 
itself  was  over  simplified.  It  was  acknowledged  that  the  thorax 
was  modelled  as  a  collection  lumped  masses,  whereas  the  human 
thorax  is  mainly  distributed  mass  around  a  low  mass  skeleton. 
Hand  in  hand  with  the  modelling  exercise  preliminary  rib  units 
were  manufactured  and  tested,  the  results  being  compared  to  the 
computer  model  predictions  and  to  the  cadaver  data.  The  final 
mechanical  design  of  the  thorax  was  based  on  the  cadaver  data  set 
that  was  considered  to  be  closest  to  the  car  impact  severity. 


Figure  3  EUROSID-1  Rib  Module 


One  of  the  cadaver  data  bases  used  was  based  on  simple  pendu¬ 
lum  impactor  tests.  This  test  was  also  performed  on  a  single  rib 
module,  rigidly  mounted,  thus  permitting  simultaneous  develop¬ 
ment  of  the  simulation  model  and  of  the  rib.  When  the  module 
was  considered  to  be  sufficiently  well  developed  a  full  thorax  was 
built  of  identical  modules  and  evaluated  against  all  of  the  three 
sets  of  impact  tests,  tepUcating  the  cadaver  tests. 


3A  Dummy  Ccrtincalion. 

Dummy  certification  is  an  e.cment  of  both  dummy  repeatability 
and  reproducibility.  In  order  that  all  dummies  built  to  the  same 
design  will  exhibit  the  same  dynamic  performance  each  must  be 
checked  against  a  defined  common  standard,  on  a  regular  basis. 
Certification,  sometimes  loosely  called  calibration,  is  the  process 
of  checking,  and  component  tuning,  against  a  specified  standard 
for  that  particular  dummy.  Automotive  dummy  certification  is 
based  on  procedures  at  either  full  dummy  or  component  level. 
Ceitificatioo  procedures  need  not  necessarily  be  based  on  ca¬ 
daver  lest  procedures  but  should  be  based  on  a  test  at  a  level  of 
severity  similar  to  that  in  which  the  dummy  will  eventually  be 
used.  Automotive  dummies  are  certified  in  pendulum,  impactor 
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and  free  fall  drop  tests  as  well  as  in  quasi-static  test  procedures. 
All  three  techniques  are  used  in  the  certification  procedures 
defined  for  the  EUROSID-1  dummy. [32] 


4  DUMMY  CALIBRATION  AGAINST  INJURY 
CRITERIA. 

The  calibration  of  a  dummy  is  the  derivation  of  the  relationship 
between  the  transducer  ouqiuls  and  the  risk  of  real  human  injury 
in  an  impact  of  similar  severity.  This  relationship  dues  nut 
necessarily  have  to  be  a  simple  single  parameter  relatiooship  but 
can  be  a  complex  combination  of  several  measured  parameters 
e.g.  displacement  and  velocity.  Once  a  relationship  has  been 
established  between  this  criteria  a  ‘level  of  acceptable  injury  risk’ 
must  be  established,  in  order  to  create  pass  /  fail  levels  for  use  in 
standards  or  regulations.  It  is  also  valuable  for  res^ch  purposes 
so  that  changes  or  improvements  can  be  quantified  in  terms  of 
reduction  in  injury  risk. 


4.1  Calibratioii  Philosophies. 

Actual  dummy  calibration  can  be  achieved  by  a  number  of 
methods.  One  method  is  based  on  discrete  cadaver  impact  testing, 
similar  to  that  used  to  develop  performance  data  for  the  dummy 
design.  In  this  method  direct  comparisons  are  made  between  the 
cadaveric  injury  and  dummy  output.  This  approach  is  a  valid  one 
for  initial  caUbration  estimates,  and  the  derivation  of  appropriate 
criteria.  It  has  the  disadvantage  in  that  the  calibration  is  based  on 
a  cadaver,  which  is  not  always  a  good  representation  of  a  living 
human. 

A  second  calibration  methoc:  compares  dummy  transducer  data 
against  real  world  accidents  n  which  live  occupants  may  or  may 
not  have  been  injured.  Tw  techniques  are  used  to  make  this 
comparison.  The  first  is  bas.-d  on  the  reconstruction  of  selected 
accidents  with  a  dummy  ic'  i^senting  the  injured  occupant  in  the 
accident  Much  iofoimahc '  can  be  learnt  about  the  selected 
accident  bui  whether  the  se  i>:cted  accident  and  injuredAininjured 
occupant  is  a  good  represe''  alive  of  the  population  at  risk  is  an 
unknown  factor.  This  can  b  a  very  costly  and  resource  consum¬ 
ing  approach  to  dummy  ca'  biation. 

A  potentially  more  accural .  method  is  based  upon  a  statistical 
approach  to  the  aualysis  of  arge  sample  of  actual  accidents  with 
subsequent  comparative  impact  testing.  This  approach  is  the 
most  difficull  of  the  two  ‘liv  -  subject'  techniques  as  it  relies  upon 
having  a  large  in-depth  ac.  dent  data  base  of  adequate  quality. 
Detail  is  needed  on  acckten.  circumstances,  vehicle  damage  and 
the  injured  and  uninjureu  ■<ccupants.  The  way  in  which  the 
accident  data  may  be  sampi  xl  can  have  a  major  influence  upon 
the  outcome  of  the  calibre'  jn.  Consequently  it  is  important  to 
sample  accidents  on  an  acci- '  mt  severity  ( input)  basis  rather  than 
on  injury  (outcome)  basis.  '  or  this  calibration  technique  to  be 
useful,  data  are  required  not  only  on  injured  occupants  but  also 
uninjured  occupants  in  accidents  of  a  similar  severity.  Data  are 
also  required  on  uninjured  occupants  in  low  severity  aocidenis  in 
order  to  regress  fully  across  the  injury  and  impact  severity 
spectrum.  This  technique  is  possibly  the  best  calibration  method 
as  it  attempts  to  minimise  the  selectivity  of  the  former  approach. 
This  statistical  approach  has  been  successfully  used  to  calibrate 
a  UK  honlal  impact  dummy  OPAT.(33] 

4  J  Tolcraocc  Criteria. 

The  selectk..!  of  tolerance  criteria  is  a  function  of  the  expected 


loading  mechanism  as  well  as  the  expected  injury.  If  a  body  part 
is  to  be  directly  impacted,  possibly  with  a  concentrated  force,  it 
is  inappropriate  to  measure  only  global  acceleiation  as  this  could 
not  adequately  monitor  the  severity  of  the  localised  impact  The 
localised  impact  might  cause  a  puncture  injury,  skeletal  fracture 
or  soft  tissue  injury.  Body  part  accelerations  might  be  expected 
to  correlate  better  with  internal  organ  damage  rather  than  surface 
injury  or  fracture. 

If  a  single  injury  criterion  is  adopted  for  a  body  part  the  as¬ 
sumption  is  made  that  all  potential  injury  to  that  body  area  is 
solely  related  to  that  one  parameter.  In  reality  injury  can  be 
caused  by  multiple  factors.  Failure  of  all  biological  material  is 
known  to  be  load  rate  dependent.  Thus  one  could  sustain  minimal 
injury  under  slow  crush  conditions  but  sustain  massive  injury 
under  high  velocity  crush  conditions,  for  the  same  level  of  peak 
crush.  Bone  is  a  visco-elastic  material[34]  [35]  and  its  {noperties 
are  affected  by  the  rate  of  deformation.  A  number  of  studies  have 
demonstrated  the  relatiooship  between  injury  and  a  viscous 
injury  ctiteria[36]  [37]  while  Langdon[38]  suggests  from  a 
theoretical  study  of  the  thorax  that  a  viscous  based  criterion 
correlates  with  shear  strain  in  the  soft  tissues  of  the  thorax. 

A  simplistic  approach  to  tolerance  levels  assumes  that  below 
some  threshold  level  injury  never  occurs  and  that  above  this  level 
injury  will  always  occur.  This  is  very  far  from  the  truth.  Injury 
severity  and  injury  risk  can  vary  due  to  several  factors,  including 
age,  mass  and  sex  and  the  physical  condition  of  the  occupant.  The 
true  relationship  between  impact  severity  and  injury  risk  is  of  the 
form  of  a  sigmoid  curve  as  shown  with  associated  confidence 
limits  in  Figure  4.  For  an  increasing  severity  of  impact  the  risk  of 
injury  increases,  but  not  as  a  linear  function. 
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Figure  4  Probability  of  injury  as  a  function  of  impact 
savarity. 
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Obtaining  Ibis  type  of  relationship  from  accident  and  dummy 
d^  uses  a  dose-response  analytical  technique  called  Probit 
analysis.[39]  An  alternative  similar  method  uses  the  Logit  trans¬ 
formation.  The  quality  of  this  predicted  relatiooship  is  shown  in 
the  confidence  limits.  Vehicle  legislators  must  decide,  when 
setting  threshold  limits,  what  is  an  acceptable  level  of  injury 
severity  and  injury  risk  and  on  this  assessment  a  pass/fail  level 
can  be  set 

Threshold  limits  are  set  to  reduce  the  threat  to  life  and  the 
occurrence  of  serious  injury.  The  emphasis  in  the  automotive 
industry  is  to  reduce  both  fatal  and  serious  injury  as  classified  by 
the  Abbreviated  Injury  Scale.[40]  i.e.  injuries  ^AIS3. 

5  FUTURE  USE  AND  DEVELOPMENT  OF  TEST 
DUMMIES. 

5.1  ConvenUonal  Dummy  Design. 

Existing  dummies  have  been  shown  to  be  useful  test  devices  for 
improving  safety  systems  in  vehicles.  More  advanced  test  dum¬ 
mies  are  being  developed  along  with  more  complex  instrumen- 
tation  systems.  These  new  dummies  will  more  readily  differen¬ 
tiate  between  poor  and  better  safety  systems  and,  with  enhanced 
instrumentation,  will  be  able  to  evaluate  injury  mechanisms  not 
now  studied.  In  order  to  improve  harmonisation  across  continents 
the  HEVC  is  linking  in  with  the  development  of  the  new  NHTSA 
dummy  programme  [8]  with  the  newly  formed  Working  Group 
12. 

Most  existing  dummies  are  constructed  from  steel ,  or  other  metal, 
elements  with  conventional  mechanical  joints  or  links.  This 
method  of  construction  is  poor,  since  there  is  a  great  difference 
between  the  density  of  steel  and  the  density  of  the  human  skeleton 
it  represents,  thus  the  mass  distributioo  within  the  dummy  is  poor 
compared  to  humans.  To  reduce  the  impact  stiffness  of  the  pelv  is 
m  EUROS  ID-1  a  plastic  pelvis  has  been  developed.  In  addition 
EUROSID-1  incorporates  advanced  foam  materials  for  use  as 
flesh  substitutes.  It  is  expected  that  as  a  result  of  the  quest  for 
improved  dummy  biofidelity  future  dummies  will  need  to  be  built 
using  advanced  'plastic'  materials,  although  this  may  make  the 
dummies  more  temperature  sensitive. 


Mathematical  dummies. 

There  exist  several  different  computer  modelling  codes,  and 
some  of  these  contain  a  form  of  crash  test  dummy  model.  One  of 
the  many  codes  widely  used  in  the  automotive  industry  is 
MADYMO.(41]  In  this  code,  data  sets  for  both  frontal  and  side 
impact  dummies  exist.  Many  vehicle  manufactures  use  more 
complex  codes  to  help  them  develop  safer  vehicles,  in  greater 
detail.  One  such  technique  uses  dynamic  firite  element  model¬ 
ling.  as  in,  DYNA  3D.[42]  These  fmite  element  models  require 
very  powerful  computers  on  which  to  run.  Vehicle  manufactures 
develop  fmite  elemeot  mathematical  models  in  order  to  study 
vehicle  collapse  modes.  Vehicles,  though,  ate  finally  evaluated 
not  on  collapse  modes  but  on  injury  risk  as  assessed  by  a  test 
dummy.  TRL  in  collaboration  with  Ford  (UK)  and  Ove  Arup  are 
developing  a  detailed  finite  element  model  of  the  EUROSID-I 
dummy.  This  collaborative  research  project,  of  which  phase  one 
is  due  to  be  completed  during  1992,  aims  to  bridge  the  gap 
between  the  structiaal  collapse  vehicle  model  and  a  fiiU  injury 
nsk  model. 


6  CONCLUSIONS. 

1  .The  design  and  level  of  dummy  complexity  is  dependent  upon 
eventual  use. 

2. Both  simple  and  complex  dummies  have  valuable  roles  to  play 
in  research  and  legislation  aimed  at  reducing  injury  risk  to  all 
vehicle  occupants  involved  in  high  energy,  injury  producing 
situahons. 

3. The  approach  todummy  design  is  ootexclusive  to  the  automotive 
industry  and  the  use  of  automotive  based  dummies  in  alternative 
transport  systems  could  show  a  benefit  to  humans  in  these  other 
risk  eoviromnents. 
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ABSTRACT 

This  paper  reviews  recent  experience  with  a  new  test 
dummy  intended  principally  for  use  in  motorcycle  crash 
testing.  Modifications  to  the  Hybrid  III  to  better  service  this 
particular  environment  also  makes  the  device  potentially 
suitable  in  aircraft  occupant  crash  protection  assessment. 

This  new  ATD  contains  a  16-channel  on-board  data 
acquisition  system,  lower  extremities  that  are  capable  of 
monitoring  for  leg  and  knee  injuries,  a  more  flexible  lumbar 
spine,  a  penetration  monitoring  abdomen,  a  deformable 
thorax  with  improved  motion  sensing  capability  and  a  neck 
with  improved  flexion  and  extension  bending  response. 

The  femur  and  tibial  complex  are  constructed  of  frangible 
elements  whose  biomechanical  responses  are  based  on 
available  cadaver  data.  The  knee  is  designed  with  fusible 
links  that  fail  at  load  levels  commensurate  with  that  of 
human  knee  ligaments. 

The  test  device  has  been  used  in  full-scale  crash  tests  as 
well  as  limited  laboratory  validation  tests.  This  paper 
illustrates  the  potential  of  this  injury  monitoring  device  for 
aerospace  applications  as  well  as  identifying  areas  of 
future  work. 


INTRODUCTION 

Crash  testing  similar  to  that  used  for  road  vehicles  is 
becoming  Increasingly  important  in  the  improvement  of  the 
crash-worthiness  of  aircraft.  A  car  crash  test  occurs  in  a 
relatively  cor>trolled  environment  with  little  dummy  motion 
occurring.  The  needs  of  this  type  of  testing  have  led  to 
the  development  of  anthropometric  test  devices  (ATD’s) 
specifically  designed  for  this  environment  in  terms  of 
impact  response.  As  an  example,  the  standard  car  crash 
dummy,  the  Hybrid  III  has  three  areas  that  can  claim  to 
human-like  impact  response;  the  head,  the  chest  and  the 
knees,  and  these  have  all  been  designed  for  impacts  from 
the  front. 

This  paper  describes  the  modifications  required  to  give  a 
Hybrid  III  adequate  levels  of  impact  response  and  injury 
sensirtg  capability  for  the  motorcycle  test  environment. 
The  crash  environment  of  the  motorcyclist  and  the  aircraft 
occupant  is  very  different  from  that  of  a  car  occujjanf 
These  crash  environments  are  relatively  unr  unstrained  and 
of  long  duration  in  comparison  to  a  car  crash.  A  series  of 
Individual  impacts  may  be  of  significance  in  assessing  the 


overall  injury  potential  of  the  crash.  For  this  reason,  the 
motion  of  the  motorcyclist  ATD  must  be  as  unimpeded  as 
possible  and  it  must  be  able  to  respond  to  a  wider  variety 
of  possible  injuries.  Such  a  motorcyclist  ATD  has  potential 
for  injury  monitoring  in  the  aerospace  crash  environment 
as  well.  A  modified  version  of  the  Hybrid  III  is  already 
used  for  this  type  of  testing  [1].  The  attributes  r  squired  of 
a  motorcycle  ATD  make  it  more  suitable  than  me  Hybrid 
III  for  both  ejection  seat  testing  and  for  studying  the 
causation  of  injuries  to  aircraft  occupants  in  crashes.  For 
example,  statistics  for  U.S.  amny  aircraft  [2]  indicate  that 
the  four  most  common  areas  of  the  body  to  suffer  fatal 
and  major  injuries  in  crashes  are  the  head  (20%),  lower 
extremities  (11%),  vertebra  (16%).  and  thorax  (13%).  In 
all  these  body  areas,  the  motorcyclist  ATD  described  here 
has  these  injury  sensing  capabilities. 

In  1989,  St-Laurent  et  al.  [3],  described  the  design  and 
basic  features  of  the  first  motorcyclist  anthropometric  test 
device,  the  MATD1 .  This  ATD  was  based  on  a  pedestrian 
style  Hybrid  III  modified  to  be  more  suitable  for  motorcycle 
testing.  The  modifications  were  in  three  areas,  to  improve 
the  injury  sensing  potential,  '.o  improve  biofidelity  and  to 
include  an  onboard  data  acquisition  system. 

The  most  significant  injury  monitoring  modification  was  to 
the  lower  extremities  of  the  dummy.  The  standard  steel 
femur  and  tibias  of  the  Hybrid  III  were  replaced  with 
frangible  units  whose  strength  and  stiffness  characteristics 
mimicked  that  of  the  human.  In  addition,  the  knee 
complex  was  redesigned  to  allow  simulation  of  ligament 
rupture  at  the  appropriate  biomechanical  levels.  The 
MATD1  also  had  additional  modifications  to  the  head  and 
neck  region  to  allow  helmet  fitting  and  hands  which  were 
able  to  grip  the  motorcycle  handle  bars.  It  was  fitted  with 
an  on-board  data  acquisition  system  which  filled  the  chest 
cavity  of  the  dummy. 

The  MATD1  has  been  used  in  a  crash  test  series  [4]. 
Based  on  this  experience,  a  further  series  of  refinements 
to  the  ATD  have  been  developed  and  this  new  version, 
known  as  the  MATD2  is  described  herein.  Changes  to  the 
on-board  data  acquisition  system  have  allowed  the  thorax 
to  retain  the  biofidelity  of  the  Hybrid  III  thorax.  This  has 
been  combined  with  more  comprehensive  chest 
deformation  sensing  capability.  An  injury  monitoring 
abdomen  has  been  added,  along  with  a  lumbar  spine  of 
greater  biofkfelity.  Finally,  a  modified  neck  with  improved 
kinematics  in  frontal  impacts  has  been  developed. 


MATO  DESIGN  REFINEMENTS 
Lower  Extremities 

The  purpose  of  the  modifications  to  the  Hybrid  III  lower 
limbs  was  two  fold.  Firstly,  the  frangible  units  provide  a 
direct  means  to  assess  various  significant  lower  extremity 
injuries.  The  design  is  such  that  the  frangible  elements 
monitor  for  fractures  at  all  points  on  their  length  and 
circumference,  while  the  knee  design  provides  direct 
evidence  of  the  knee  injury  failure  mechanisms.  Secondly, 
it  provides  a  more  appropriate  load  path,  and  hence 
subsequent  kinematics,  in  those  cases  when  the  crash 
would  indeed  be  expected  to  produce  a  fracture  or 
dislocation  of  a  lower  extremity. 

For  the  initial  tests,  6  axis  load  cells  were  attached  at  the 
upper  femurs  and  multi  axis  strain  gauges  were  installed 
in  the  lower  femurs  and  upper  and  lower  tibias.  These 
were  used  to  verify  the  loads  up  to  potential  fracture  and 
to  allow  analysis  of  time-dependence  and  cause-effect 
relationships. 

Knee  Joint 

The  frangible  knee  assembly  attaches  directly  to  the  base 
of  the  clevis  of  the  existing  Hybrid  III  knee,  but  it  does  not 
interfere  with  the  knee  in  terms  of  flexion  and  extension. 
The  design  includes  two  brass  pins  which  act  as  structural 
fuses,  shearing  when  the  load,  in  either  torsion  or  varus- 
valgus  rotation,  exceeds  the  established  tolerance  levels. 
Appropriate  response  prior  to  failure  is  achieved  by  way  of 
plastically  deformable  springs.  Test  results  for  the  knee 
unit,  in  comparison  to  cadaver  characteristics  reported  by 
St.  Laurent  et  al.  (31  are  reported  in  Figures  1  and  2.  The 
surrogate  knee  response  curves  end  at  the  points  where 
their  respective  shear  pins  failed.  As  can  be  seen,  the 
strength  and  stiffnesses  are  reasonably  human-like  for 
both  forms  of  motion.  The  post-failure  resistance  to 
rotation  is  near  zero  for  both  modes. 

Leg  Bones 

Both  the  tibia  and  femur  were  constructed  of  composite 
materials.  In  essence,  they  are  tubular  in  shape,  wound 
with  helical  and  axial  glass  fibres  imbedded  in  a  resin 
matrix.  Bulkheads  are  used  to  prevent  premature  local 
tubular  failure.  Table  1  provides  the  results  of  a  series  of 
static  tests  in  comparison  with  the  design  specifications. 

Figure  3  compares  the  tibial  force  deformation 
characteristics  of  the  surrogate  bone  to  data  compiled  by 
Yamada  for  simply  supported  static  bending  [5J. 


In  addition  to  static  tests,  the  composite  tibia  has  been 
subjected  to  impacts  at  the  mid-span  with  a  76  mm 
diameter  cylindrical  anvil.  These  tests  were  meant  to 
approximate  the  methods  used  by  Fuller  et  al  [6]  in  their 
dynamic  tests  of  cadaver  legs.  Figure  4  compares  the 
fracture  response  of  the  surrogate  leg  bone  with  the 
cadaver  responses.  The  ^  jrrogate  legbone  lies  within  the 
forceAime  envelope  of  9  cadavers  and  is  somewhat 
stronger  than  6  of  the  9  cadavers.  The  time  to  fracture 
(less  than  1  msec)  verifies  that  the  surrogate  leg  bone  has 
an  appropriate  level  of  brittleness. 

Leg  Weights 

The  surrogate  leg  components  were  designed  to  have 
inertial  propenies  very  similar  to  those  of  a  standard 
Hybrid  III  dummy.  For  example,  the  leg  mass,  including  all 
components  which  articulate  about  the  hip  ball  joint  are, 
for  the  Hybrid  III;  14.8  kg,  for  the  MATD;  15.1  kg. 


Lumbar  Spine 

The  curved  lumbar  spine  of  a  standard  Hybrid  III  is 
designed  to  ensure  a  stable  seated  posture  for  a  vehicle 
occupant.  This  curved  spine  does  not  allow  enough 
flexibility  of  dummy  posture  for  a  motorcyclist  ATD.  A  new 
straight  spine  was  developed  with  improved  static  flexion- 
extension  bending  response.  A  comparison  with  available 
volunteer  bending  response  data  for  this  new  spine  is 
included  in  Figure  5  [7].  The  new  spine  has  been 
designed  to  be  used  with  a  six  axis  lumbar  spine  load 
transducer. 

Abdominal  Insert 

The  soft  vinyl  abdominal  insert  of  the  Hv'brid  ill  has  been 
replaced  by  a  crushable  foam  insert  based  on  that 
developed  by  Rouhana  et  al.  [8],  but  with  some  significant 
changes.  The  original  General  Motors  developed  insert 
was  designed  to  monitor  for  seat  belt  loading  to  the 
abdomen.  The  insert  for  the  MATD2  moriitors  for  more 
generalized  penetration  into  the  abdominal  region.  This 
combined  with  the  smaller  volume  available  in  this  ATD, 
because  of  the  changes  to  the  lumbar  spine,  required  a 
solid  foam  insert. 

The  smaller  front-to-back  depth  of  the  insert  reduced  the 
ability  of  the  insert  to  show  deep  abdominal  penetration. 
The  injury  criterion  used  by  Rouhana  et  al.  was  based 
solely  on  deformation  of  the  abdomen  and  penetration 
equivalent  to  serious  injury  caused  the  MATD2  insert  to 
bottom  out.  The  force  deflection  corridors  obtained  by 


Table  1 ;  Design  Verification,  Static  Tests 


Component 

Test 

Mean 

(Mm) 

Range 

(») 

N 

Ortterta 

(Nm) 

Difference 

(%) 

Femur 

Static  Bending 

288.5 

+/-2.7 

3 

282.8 

2 

Static  Torsion 

178.2 

+/-5.6 

5 

165.7 

7 

Tibia 

Static  Bendirtg 

241.4 

+/-6.4 

8 

253.3 

-5 

Static  Torsion 

127.2 

+/-10 

4 

117.0 

8 

140 
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Figure  1 :  Response  to  Valgus  Rotation  of  the  Tibia  [3] 
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Figure  2:  Response  to  External  Torsional  Rotation  of  the  Tibia  [3] 
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Figure  3;  Tibia  ForcerOeflectlon  Characteristics 
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Figure  4:  Composite  Tibia  Mid-Span  Force  vs.  Time 
76  mm  Dia.  Cylindrical  impactor  Vel  =  7.47  m/s  [6] 
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Figure  5:  A  Comparison  of  the  MATD2  Lumbar  Spine  Static  Hexion 
Response  with  Volunteer  Data 


Cavanaugh  [9],  from  cadaver  tests  were  modified  to 
compensate  for  this  reduced  penetration. 

The  modified  performance  corridors  and  dynamic 
responses  of  the  insert  are  presented  in  Figure  6. 

Chest  Deflection  Measurement 

In  the  MATD1,  the  data  acquisition  system  virtually  filled 
the  chest  cavity.  The  changes  made  to  this  system  for  the 
MATD2,  discussed  in  this  paper,  allowed  the  inclusion  of 
an  improved  chest  deflection  measuring  system.  This  now 
consists  of  pairs  of  string  potentiometers  triangulating  the 
top  and  bottom  of  the  sternum  of  the  dummy.  The 
movement  of  the  sternum  is  monitored  both  laterally  and 
in  a  fore-and-aft  direction. 


Neck 

For  a  motorcyclist  ATD,  humanlike  neck  response  is  of 
vital  importance  in  obtaining  realistic  kinematic  and 
dynamic  responses  of  the  head  during  crashes.  The 
performance  requirements  for  Hybrid  III  head-neck 
response  were  proposed  by  Mertz  and  Patrick  [10].  Neck 
response  was  defined  by  the  relation  between  the  torque 
about  the  occipital  condyles  and  the  position  of  the  center 
of  gravity  of  the  head.  Wismans  et  al.  [11]  proposed 
further  requirements  relating  the  angle  of  the  head  to  that 
of  the  neck,  based  on  the  analysis  of  volunteer  and 
cadaver  test  data. 

Tne  MATD2  neck  has  been  redesigned  to  improve  the 
head  and  neck  kinematics  in  frontal  impacts.  These 
modifications  have  been  aimed  at  allowing  the  dummy 
head  to  keep  more  vertical  as  it  moves  forward  before  it 
starts  to  rotate  downward.  The  frontal  responses  of  the 
modified  neck  are  compared  to  the  standard  Hybrid  III 
neck  in  Figures  7  and  8. 

Figure  9  illustrates  how  these  modifications  allow  the  head 
of  the  MATD2  to  remain  more  vertical  than  the  standard 
Hybrid  III  head  as  they  move  forward  in  a  frontal  impact. 


Further  development  is  planned  for  the  modified  neck  to 
make  its  compliance  more  closely  approach  to  that  of  a 
human.  This  is  required  to  ensure  that  realistic  loads  are 
generated  at  the  occipital  condyle  during  impact  to  allow 
the  neck  load  transducer  to  be  used  for  injury  sensing. 
The  standard  Hybrid  III  has  a  neck  load  transducer  fitted, 
but  the  output  of  this  does  not  relate  well  to  loads  likely  to 
be  generated  in  a  human  neck  under  impact  conditions. 
As  an  example  of  this,  the  testing  has  shown  that  high 
torsional  moments  (Mz)  are  generated  in  helmeted  impacts 
by  the  current  Hybrid  III  neck,  yet  there  is  little  evidence  of 
this  type  of  injury  occurring  in  motorcycle  field  accident 
data. 

THE  DATA  ACQUISITION  SYSTEM 

The  MATD2  includes  a  self-contained  16-channel  data 
acquisition  system.  This  eliminates  the  need  for  any 
attachment  cables  that,  in  a  motorcycle  crash  environment, 
could  significantly  effect  rider  kinematics.  This  data 
acquisition  system  samples  at  10,000 
samples/second/channel  and  is  capable  of  recording  up  to 
13  seconds  of  data.  This  is  important  since  injuries  can 
occur  during  the  primary  car  to  motorcycle  crash  as  well 
as  during  subsequent  rider  contact  with  the  ground. 

The  system  is  mounted  in  a  redesigned  spine  box,  which 
is  mechanically  compatible  with  the  standard  Hybrid  III 
spine  box.  The  modified  spine  box  weight  is  the  same  as 
the  Hybrid  III  version  and  the  full  biofidelity  of  the  Hybrid 
III  thorax  is  maintained. 

The  sensors  typically  used  with  MATD2  include: 

3  head  linear  accelerometers 
3  head  rotational  accelerometers 
neck  Fx,  Fy  and  My  forces  and  moments 
lumbar  Fx,  Fy  and  My  forces  and  moments 
upper  sternum  X  and  Y  deflections 
lower  sternum  X  and  Y  deflections 

The  system  is  compatible  with  all  commonly  used  dummy 


Insert  with  the  Modified  Performance  Corridors  from  Cavanaugh  et  al.  [9] 
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Figure  7:  A  Comparison  of  the  MATD2  and  Hybrid  III  Dynamic  Neck 
Response  with  the  Performance  Corridors  Proposed  by  Mertz 
and  Patrick  [8]  and  Wismans  [9]  During  a  Frontal  Impact  (1 7  g  sled  pulse) 
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Figure  8:  A  Comparison  of  the  MATD2  and  Hybrid  III  Dynamic  Neck  Bending 
Response  with  the  Perfor:.  nee  Corridors  from  Wismans  et  al.  [9] 
During  a  Frontal  Impact  (17  g  sled  pulse) 
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Figure  9:  Absolute  Head  and  Neck  Position  of  the  MAT02, 
Hybrid  III  and  a  Volunteer  [11]  During  a  Frontal  Impact 


load  cells,  potentiometers  and  accelerometers. 


SUMMARY 

The  MATD2  is  an  ATD  specifically  developed  for 
motorcycle  crash  testing.  It  is  based  on  the  Hybrid  III  with 
improvements  in  Injury  sensing  capabilities  and  biofidelity. 
These  changes,  and  the  inclusion  of  a  self-contained  data 
acquisition  system,  make  H  appropriate  for  use  as  an 
aircraft  crash  test  dummy. 


REFERENCES 

1.  Frisch,  P.,  Ayoub,  P.,  'Enhanced  Anatomically 
Representative  Manikin  Pelvis  Supporting  a  Self- 
Contained  Instrumentation/Electronics  Subsystem*. 
SAFE  Journal,  Vol  20,  No.  3.  1990. 

2.  Simula  Inc.,  'Aircraft  Crash  Sunrival  Desi^  Guide*. 
Vol.  II,  Aircraft  Crash  Environment  and  Human 
Tolerance.  Final  Report,  USARTL-TR-79-22B. 
Tempe,  Arizona,  January,  1980. 

3.  St-Laurent,  A.,  Szabo,  T.,  Shewchenko,  N.,  and 
Newman,  J.A.,  'Design  of  a  Motorcyclist 
Anthropometric  Test  Device'.  12lh  International 
Technical  Conference  on  Experimental  Safety 
Vehicles,  Goteborg,  Sweden,  1989. 

4.  Newman,  J.A..  Zellner,  J.W.,  and  Wiley.  K.D.,  *A 
Motorcyclist  Anthropometric  Test  DeviM  MATD". 
1991  International  IRCOBI  Conference  on  the 
Biomechanics  of  Impact,  Berlin,  Germany,  1991. 


7.  Nyquist,  G.,  and  King,  A,  'Chapter  2:  Spine'. 
Advanced  Anthropomorphic  Test  Device  (AATD), 
Development  Program;  Phase  1  Reports:  Concept 
Definition,  NHTSA,  1985. 

8.  Rouhana,  S.W.,  Viano,  D.C.,  Jedrzejczak,  E.A., 
McLeary,  J.D.,  'Assessing  Submarining  and 
Abdominal  Injury  Risk  in  the  Hybrid  III  Family  of 
Dummies*.  Proceeding  of  the  33rd  Stapp  Car 
Crash  Conference,  Warrendale,  PA,  1989. 

9.  Cavanaugh,  J.M.,  'Nyquist,  G.W.,  Golcftjerg,  S.J., 
King,  At.,  'Lower  Abdominal  Tolerance  and 
Response*.  Proceedings  of  the  30th  Stapp  Car 
Crash  Conference,  SAE,  Warrendale,  PA,  1986. 

10.  Mettz,  H.J.,  Patrick,  L.M.,  'Strength  and  Response 
of  the  Human  Neck*.  International  Proceedings  of 
the  15th  Stapp  Car  Crash  Conference,  SAE, 
Warrendale.  PA,  1971. 

11.  Wismans,  J.,  Philippens,  M.,  Van  Oorschot,  E., 
Kallierla,  D.,  Mattem,  R.,  'Comparison  of  Human 
Volunteer  and  Cadaver  Head-Neck  Response  in 
Frontal  Flexion'.  Proceedings  of  the  31st  Stapp 
Car  Crash  Conference,  SAE,  Warrendale,  PA, 
1987. 


5.  Yamada,  H.,  'Strength  of  Biological  Materials'. 
Edited  by  F.G.Evans,  Williams  and  Wilkins,  1970. 

6.  Fuller,  P.M.,  Snider,  J.N.,  'Dynamic  Response  of 
the  Human  Leg  to  Impact  Loadktg,.  Third  Year 
Report,  Research  Overview  1986-1989,  Volume  1*. 
Department  of  Anatomy,  School  of  Medicine, 
University  of  Louisville,  KY  artd  Industrial 
Engineering  Diriment,  University  of  Tennesee, 
Knoxville,  TN,  April,  1989. 


: 


f 


THE  APPLICATION  OF  A  HYBRID  III  DUMMY  TO  THE  IMPACT 
ASSESSMENT  OP  A  FREE-FALL  LIFEBOAT 


D  H  Glaister 
P  J  Waugh 
L  Neil 

RAF  -nstitute  of  Aviation  Medicine 
Farnborough,  Hants,  GU15  6SZ,  UK 


Sumnary 

A  requirement  to  monitor  occupant  forces 
during  the  launch  of  a  free-fall  lifeboat  has  led 
CO  the  definition  of  a  transportable  instrumented 
dummy  and  data-acquisition  system. 

Good  quality  data  have  been  record  during  21 
free-falls  from  which  advice  has  been  given  con¬ 
cerning  Che  acceptability  of  launch  forces  for  both 
injured  and  non-injtred  personnel. 

Head  restraint  is  .loc  considered  in  Che 
International  Maritime  Organisation’s  current 
assessment  criteria  for  free-fall  lifeboats,  but 
was  shown  to  have  a  pronounced  effect  on  head  and 
neck  forces,  with  significant  overshoots  being  seen 
when  no  restraint  was  available. 

It  is  concluded  that  the  dummy  and  data- 
acquisition  system  developed  for  these  trials 
offers  a  valid  means  for  assessing  impact  forces 
and  injury  risk  in  novel  impact  environments  such 
as  the  launch  of  a  free-fall  lifeboat. 

Introduction 

The  concept  of  launching  a  lifeboat  by  free- 
fall,  rather  than  by  conventional  use  of  davits, 
was  patented  in  Sweden  in  1897,  but  the  first 
practical  boat  was  manufactured  by  Verhoef 
AluminiLun  Sheepsbouwindustrie  only  in  1960.  The 
technique  has  become  widely  accepted  in  the  last 
decade . 


Fig.  1.  A  free-fall  lifeboat  ready  for  launching 
from  a  cradle  on  a  semi  ~  submers  ible  oil 
dr i I >  ing  rig. 


The  principle  is  straightforward  -  the  fully 
manned  lifeboat  is  launched  from  a  cradle  attached 
to  a  cargo  ship,  tanker  or  oil  platform,  the  cradle 
supporting  it  bow  down  by  35*  or  so  (Fig.  1).  Upon 
release,  the  lifeboat  runs  forward  under  gravity, 
Leaves  the  cradle  and  plunges  a  vertical  distance 
of  up  to  30  m  to  enter  the  sea  bow  first  (Fig.  2). 


Fig,  2.  Free-fall  lifeboat  just  prior  to  water 
entry  following  a  launch  from  a  height  of 
33  m. 


Appropriate  hull  design  can  ensure  that,  after 
a  brief  period  of  submersion,  much  of  the  kinetic 
energy  gained  in  the  free-fall  is  converted  into 
forwards  motion,  so  that  the  boat  finishes  up  100  m 
or  more  from  the  point  of  impact,  even  without  the 
use  of  engine  power. 

Advantages  of  a  free-fall  launch,  in  addition 
to  the  rapid  separation  from  parent  ship  or  rig, 
include  the  ability  to  launch  without  outside 
assistance,  the  simplicity  and  reliability  of  the 
launch  mechanism  (basically  gravity),  and  the  use 
of  the  necessarily  sealed  hull  to  provide  sustained 


protection  from  fire  and  toxic  fumes.  However,  a 
potential  disadvantage  is  that  the  forces  induced 
by  water  entry  might  cause  injury,  or  exacerbate  an 
injury  caused  earlier  in  the  primary  emergency. 

Currently,  acceleration  forces  induced  in  a 
free-fall  lifeboat  launch  are  assessed  by  criteria 
recommended  by  the  International  Maritime 
Organisation  (IMO)  and  recently  clarified  in 
reference  1.  The  Combined  Acceleration  Response 
(CAR)  is  the  maximum  value  for  the  square  root  of 
the  sum  of  squares  (SRSS)  of  the  accelerations 
simultaneously  measured  in  the  three  co-ordinate 
body  axes,  expressed  as  ratios  to  the  'acceptable' 
limits  of  ±15G^,  ±7Gy  and  ^70^.  While  the  SRSS 
approach  appears  intuitively  logical:  it  has  not 
been  validated  experimentally;  the  chosen  limits 
could  be  excessive,  especially  in  the  y  axis; 
somewhat  questionable  'not  less  than'  20  low- 
pass  filtering  is  applied  to  all  data;  and  most 
important,  the  limits  are  applied  independent  of 
seat  orientation,  or  of  seat  cr  restraint  harness 
conf igurat ion . 

The  Combined  Dynamic  Response  Ratio  (CDRR) 
also  applies  the  SRSS  technique,  but  this  time  not 
to  peak  acceleration  values,  but  to  dynamic 
response  indices  in  the  three  axes  as  developed  by 
Brinkley  (1985).  The  Dynamic  Response  Index  (DRI) 
was  originally  developed  to  assess  the  risk  of 
spinal  compression  injury  during  the  very  high 
peaks  and  onset  rates  of  accelerations  induced 
in  aircraft  ejection  seats,  and  its  extension  to 
the  other  five  axial  directions  tC^  and  tG^) 
has  not  been  validated.  As  well  es  the  criticisms 
already  mentioned  in  relation  to  the  CAR,  a  further 
element  of  uncertainty  is  introduced  as  the  limits 
used  in  calculating  the  CDRR  are  based  on  either 
low  (0.5?)  or  moderate  (5?)  risk  levels  as  defined 
for  assessing  aircraft  ejection  systems.  In  these, 
the  additional  acceleration  vectors  are  induced 
Largely  by  windblast  forces  rather  than  through  a 
seat  and  harness  system,  and  the  application  of 
these  values  to  a  free-fall  Lifeboat  launch  is 
problematic,  particularly  if  no  recognition  is  to 
be  given  to  the  presence  or  absence  of  head 
restraint.  Also  it  is  debatable  whether  even  a 
0.51  risk  of  injury  would  be  acceptable  for  routine 
training  of  potential  lifeboat  users. 


Doubts  concerning  the  validity  of  either  the 
CAR  or  CDRR  led  us,  in  discussions  with 
representatives  from  the  Department  of  Transport 
(Marine  Directorate)  and  the  Health  and  Safety 
Executive  (Offshore  Division),  to  consider 
alternative  means  for  assessing  the  potential  for 
injury  in  free-fall  lifeboat  launches,  particu¬ 
larly  in  relation  to  the  evacuation  of  already 
injured  personnel.  Recent  developments  in  the 
biofidelity  of  anthropometric  dummies,  and  the 
avaiLabiliCy  of  relatively  portable  and  robust 
solid-state  data  acquisition  systems,  led  to  the 
use  of  an  instrumented  Hybrid  III  dummy  in 
prel ii.iinary  tests  and  to  the  subsequent  use  of  this 
method  in  evaluating  the  impact  characteristics  of 
free-fall  lifeboats  from  three  manufacturers. 

Methods 

Initial  tests  were  conducted  using  a  FL24 
lifeboat  (Verhoef  Aluminium  Sheepsbouwindustrie)  at 
the  Maritime  Training  Centre  (MTC)  facility  in 
Rotterdam,  Holland.  The  MTC  training  rig  offers  a 
16.5  m  drop  height  and  its  associated  cabin  and 
docking  facilities  made  checking  out,  calibration 
and  installation  of  the  test  equipment  relatively 
straightforward.  It  also  offers  the  advantage  of  a 
rapid  turn  round,  as  little  as  20  min  between 
Launches . 

The  dummy  was  a  standard  50th  percentile 
Hybrid  III  (Humanetics  Inc)  instrumented  with  9 
transducers  as  follows: 

Sice  Transducer  Axis 

Head  Philips  PR  9367/50  accelerometer 

Head  Philips  PR  9367/50  accelerometer  Gy 

Head  Philips  PR  9367/50  accelerometer  G^ 

Torso  Kyowa  AS/50  accelerometer 

Torso  Philips  ?R  9367/50  accelerometer 

Pelvis  Philips  PR  9367/50  accelerometer 

Lower  neck  Robert  Denton  6  axis  model  F 

1794  load  cell 

Lower  neck  Model  1794  load  cell  F^ 

Lower  neck  Model  1794  load  cell  M 


Fig.  3.  Dummy  instsi led  in  seats  showing  orientation  and  location  of 
transducers.  Left,  forward  facing  and  rightf  rearward  facing  seat 
conf igurat ions. 
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A  further  three  Kyowa  AS/50  accelerometers  were 
mounted  in  a  block,  and  bolted  to  the  hull  structure 
so  as  to  record  accelerations  in  the  boat's 
and  G^  axes.  Note  that  these  vectors  differ  from 
those  of  the  dummy  as  indicated  in  figure  3,  that 
they  also  depend  on  seat  orientation,  and  that  the 
Ig  gravity  vector  rotates  through  35*  between 
launch  and  recovery,  having  achieved  an  even 
greater  offset  at  the  instant  of  water  impact  (see 
figure  2). 

Outputs  from  the  accelerometers  and  load  cells 
were  fed  to  a  13  channel  strain  gauge  measurement 
system,  Micro  Movements  Ltd  MIOOO  series,  and 
thence  to  a  ruggedised  data  acquisition  unit,  a 
Kayser  Portax  AT  286/20  computer  using  Global  LAB 
software. 

The  system  was  set  up  and  calibrated  at  the 
RAF  JAM,  then  dismantled  and  loaded  into  a  car  for 
shipment  to  Rotterdam.  It  was  off  loaded  and  hand 
carried  onto  the  MTC  facility's  deck  where  it  was 
set  up  and  bench  tested  using  MTC ‘ s  220v 
electricity  supply,  the  head  and  hull  (vehicle) 
accelerometers  being  checked  against  ±  Ig  inputs 
using  Earth's  gravity.  The  equipment  was  rechecked 
using  a  pair  of  12  v  lead  acid  batteries  before 
being  separated  into  its  components  for  transfer 
to,  and  installation  in  the  lifeboat.  The 
definitive  calibration  of  the  force  transducers  was 
carried  out  in  the  laboratory  upon  return  to  the 
UK,  the  accelerometers  being  individually 
calibrated  at  lOG  using  a  small  (241  mm  radius) 
centrifuge,  while  the  neck  load  cells  were 
calibrated  using  the  manufacturer's  published 
sensitivity  data.  The  aero  base  line  for  all 
transducers  was  taken  as  the  period  of  free-fall 
prior  to  impact,  though  neck  forces  may  still  have 
been  present  due  to  tension  in  the  restraint 
harness  and  hysteresis  in  the  dummy  neck. 

Because  of  the  complex  pattern  of  impact 
forces,  and  their  variation  down  the  length  of  the 
hull  caused  by  the  lifeboat's  rotation  on  water 
entry,  drops  were  recorded  with  the  dummy  in  two 
seat  locations.  For  the  first  series  of  tests  the 
dummy  was  strapped  into  the  lower  forward  seat  on 
the  port  side  with  the  amplifiers  and  computer 
mounted  on  Flastazote  foam  on  an  adjacent  seat. 
The  vehicle  accelerometer  was  fixed  on  a  line  with 
the  dummy's  chest  using  an  existing  floor  plate 
bolt.  The  computer  was  triggered  some  2  s  into  the 
release  sequence  using  a  hand-held  button.  After 
two  successful  launches  and  recordings,  the  dummy 
was  transferred  to  the  rearmost  seat  on  the  port 
side.  The  electronics  were  moved  and  refixed  to  an 
adjacent  seat  and  the  vehicle  accelerometer  mounted 
on  a  piece  of  aluminium  channel  pop-riveted  to  the 
floor  in  the  centreline  just  forward  of  the  battery 
box.  This  series  of  tests  was  completed  in  April 
1991,  since  when  three  further  series  of  tests  have 
been  undertaken. 

Five  tests  were  carried  out  on  a  larger,  45 
person,  free-fall  lifeboat  using  a  launch  platform 
built  onto  the  deck  of  a  semi-submersible  crane 
barge,  the  Hermod,  anchored  in  Rotterdam  harbour, 
with  drop  heights  of  up  to  31.3  m;  ind  (Mght  on  a 
similar  sized  Norweg i an-bu i  1 1  craft  and  a  rig 
attached  to  a  semi -submers i h 1 e  oil  drilling  plat¬ 
form.  A  final  senes  of  four  tests  was  monitored 
using  a  different  dummy  (another  Hybrid  III), 
transducers  (Endevco  Model  7264-200  piezores i st i ve 
accelerometers)  and  data  acquisition  system  (a 
Fastbox  developed  by  the  Texas  Transportation 
Institute).  These  were  carried  out  on  a  British 
built  lifeboat  using  a  dockside  tower  in  Europort, 
Rotterdam,  from  drop  heights  of  up  to  25.8  m. 


Results  and  Discussion 

Good  data  were  obtained  from  all  21  tests 
referred  to  above,  but  two  additional  tests  had  to 
be  repeated  following  failure  to  trigger  the  data- 
acquisition  system,  and  one  following  an  earthing 
fault  caused  by  abrasion  of  a  makeshift  DC  supply 
cable.  In  the  final  series,  individual  data 
channels  were  lost  following  ingress  of  sea-water 
and  the  wetting  of  connectors. 

Triggering  of  the  data-acquisicion  system 
posed  a  continuing  problem  due  to  the  short 
recording  time  available  and  the  variable,  and 
sometimes  lengthy,  interval  between  the  release 
command  and  the  physical  release  of  the  lifeboat. 
The  first  tests  were  manned  and  one  of  us  rode  the 
boat  down  and  actuated  the  trigger  manually  during 
the  pre-release  countdown.  Bounce  of  the  button 
contacts  caused  two  recording  failures  and 
thereafter  the  computer  keyboard  was  utilised.  For 
the  second  and  third  series  of  tests,  which  were 
largely  unmanned,  an  external  trigger  was  used. 
This  was  taped  to  the  hull  and  actuated  manually 
just  prior  to  boat  release,  though  with  an 
inevitably  variable  time  delay.  For  the  final 
tests  the  Fastbox  was  operated  by  a  switch  and 
static  line,  a  technique  which  precluded  any  record 
of  the  pre-release  1  g  conditions,  useful  as  a 
calibration  check  (see  below).  This  system  only 
provided  5  s  of  usable  recording  time  and  with  a  3 
s  delay  between  release  and  water  impact,  the  later 
phases  of  the  launch  oscillations  were  unrecorded. 

Sea-water  contamination  posed  a  serious 
problem  in  later  tests  in  which  leaks  occurred 
through  access  doors  and  hatches.  Indeed,  concern 
about  potential  flooding  led  to  the  serendipidous 
removal  of  the  dummy  and  instrumentation  prior  to 
an  overload  test  in  which  the  lifeboat’s  access 
door  failed. 

Calibration  of  the  equipment  was  based  upon 
manufacturers’  sensitivity  data,  and  confirmed  by 
use  of  a  small  tadius  centrifuge  at  the  RAF  lAM, 
and  by  the  tig  checks  on  accelerometers  on  site. 
However,  these  latter  checks  necessitated  stripping 
down  the  dummy  to  remove  the  accelerometers  and 
were  only  used  in  the  first  tests  as  it  was 
subsequently  found  that  calibrations  at  the  RAF  lAM 
before  and  following  a  series  of  tests  (and 
associated  manhandling  of  the  dummy)  were  in  close 
agreement  -  usually  within  2X.  A  final  check  on 
the  system  was  obtained  by  calculating  the  angle  of 
the  launch  ramp  from  +G  data  recorded  pre-release, 
and  during  the  phase  or  weightless  free~faIL  (see 
figure  4,  arrow  B).  A  value  of  34.4*  was  obtained 
which  compares  very  satisfactorily  with  the  actual 
35*  at  which  the  ramp  was  constructed. 

Figure  4  illustrates  lifeboat  accelerations  in 
the  X  and  z  axes  recorded  from  the  hull  at  forward 
and  aft  locations.  The  y  axis  data  are  omitted 
since,  with  one  exception  (see  below)  they  were 
insignificantly  small.  While  the  general  shape  of 
the  pulses  is  similar:  a  -G^  pulse  as  the  craft 
slows  down  along  its  longitudinal  axis  over  a 
period  of  1  s,  from  an  initial  impact  velocity  of 
18  ms  ;  and  a  pulse  as  the  bows  are  forced 
upwards  and  the  stern  brought  to  rest  following 
rotation  of  the  vessel;  the  pulse  profiles,  and  in 
particular,  the  initial  spikes  on  first  water 
contact,  are  significantly  different.  Thus,  the 
lifeboat  IS  initially  rotated  about  its  centre  of 
mass,  causing  a  -G^  spike  at  the  aft  seating 
position  and  a  spike  forward.  The  main 
acceleration  pulses  are  of  low  magnitude,  ~2G  and 
+  5C^,  b'lt  peaks  seen  in  the  125^  low-pass  filtered 
signal  range  from  -4  to  •♦■0.50^^  and  from  -4.5  to 


It  is  these  peak.s>  in  particular,  which 
evoke  dynamic  responses  from  the  dummy.  Secondary 
oscillations  are  seen  in  the  axis  as  the  boat 
re-emerges  from  the  water  and  is  briefly  weightless 
again  before  finally  coming  to  rest  some  5  s 
following  the  initial  impact. 

Figure  5  illustrates  traces  of  forces  recorded 
in  the  dummy  in  the  G  axis  -  head,  torso,  neck 
(shear  in  the  x  axis)  and  neck  (the  moment 

tending  to  nod  the  head),  and  figure  6  shows 
equivalent  data  for  the  G^  axis  -  head,  torso, 
pelvis  and  neck.  In  both  figures  the  simul¬ 
taneously  tecorded  hull  accelerations  are  shown  and 
major  differences  are  caused  by  the  differing 
orientations  of  the  accelerometers  (left  hand 
panel,  Fig.  3).  There  was  little  evidence  of 
dynamic  overshoot  in  these  particular  tests  in 
which  the  torso  and  head  were  efficiently 
restrained.  Quite  considerable  neck  forces  were 
seen  with,  as  would  be  expected  with  head 
restraint,  the  pattern  of  neck  F^^  closely  following 
h<»ad  G^  (though  inverted  in  figure  6).  The  neck 
moment  about  the  y  axis  (M  )  exhibited  peaks  in 
excess  of  +700  and  -400  lb  ins  (Fig.  5). 
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Fig.  4.  Effact  of  acc»lacommt9r  location  on  hull 
forc«5.  Tha  lifaboat  is  ralaasad  at  point 
A  and  clears  tha  ramp  at  point  8* 


The  later  boats  tested  required  a  somewhat 
extended  head  position  in  order  to  obtain  head 
contact  with  the  head  rest  and  this  attitude  could 
not  be  achieved  within  the  range  of  adjustment  of 
the  Hybrid  III  dummy  neck.  Consequently,  head 
restraints  could  not  be  utilised,  even  when 
provided.  In  general,  neck  forces  were  moderately 
high,  and  head  accelerations  relatively  low,  when 
head  restraints  were  used;  while  without  restraint 
the  neck  forces  were  lower,  but  the  head 
acceleration  data  showed  greater  dynamic  overshoot. 


Hull  Gjt 


Head  G^ 


Torso  Gx 


Neck  Fx 


Neck  My 


Fig.  5.  Hull  and  dummy  axis  f areas  recorded 
during  a  lifaboat  launch  from  lb, 5  m,  aft 
saating  position,  forward  facing  seat. 
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One  ot  Che  lifeboats  tested  showed  consistent 
lateral  hull  accelerations  which  ranged  from  +-0.8 
to  2G  ,  and  these  induced  head  accelerations  of  up 
to  “7Cy.  (The  change  in  sign  is  due  to  a  rearward 
f ac ing^ s 1 t c ing  position).  Head  restraint  was  not 
provided  in  this  lifeboat  and,  as  illustrated  in 
figure  7,  considerable  dynamic  overshoot  occurred 
in  both  and  G..  axes.  If  the  CAR  were  to  be 
calculated  from  head  data,  rather  Chan  from  hull 
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Head 


data,  a  value  of  approximately  l.A  would  have  been 
obtained,  so  exceeding  the  allowable  value  of 
unity.  The  hull  measurements  yielded  an  acceptable 
CAR  of  0.85.  This  observation  confirms  the 
relevance  of  the  dynamic  response  and  suggests  chat 
any  index  used  to  assess  the  lifeboat’s 
acceleration  characteristics  should  take  this 
factor  into  account.  Thus,  Che  CDRR  is  preferable 
to  the  CAR  in  this  respect. 

A  video  recording  was  made  of  Che  dummy  during 
one  launch  in  which  the  harness  was  delioerately 
left  slack.  During  the  free-fall  phase  of  the 
launch,  the  dummy  rose  out  of  its  seat  to  Che  limit 
of  ICS  restraint,  so  confirming  Che  need  for  a 
torso  restraint  system  which  will  be  effective  even 
when  donned  rapidly  in  an  emergency  evacuation. 
Clearly,  serious  injuries  could  be  caused  if  any 
passenger  were  to  be  launched  unrestrained,  even  in 
a  rearward  facing  seat. 
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Fig.  7. 


6.  Hull  and  dummy  axis  forces  recorded 

during  a  lifeboat  launch  from  io.5  m,  aft 
seating  position,  forward  facing  seat. 


Transmission  of  forces  from  hull  to  head 
ir  the  Z  and  Y  axes  recorded  during  a 
launch  from  a  height  of  25.8  m.  Rearward 
facing  seat,  no  head  restraint. 
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Lifeboats  evaluated  incorporated  both  forward 
and  rearward  facing  seats,  and  either  configuration 
appears  adequate  given  effective  restraint.  There 
were  three  different  harness  arrangements,  with  and 
without  head  restraint.  Consideration  should  be 
given  to  evaluating  these  restraint  systems  on  an 
impact  rig  using  human  volunteers  and  represent- 
ative  acceleration  pulses.  Such  tests  would  also 
provide  a  useful  and  realistic  validation  of  the 
dummy  impact  data,  and  add  to  the  limited  personal 
experience  of  free-fall  launches  obtained  by  the 
authors  during  these  trials. 

In  only  one  instance  had  the  car^riage  of 
injured  personnel  been  referred  to  by  the 
manufacturer  at  the  time  of  the  trial.  Where  a 
stretcher  is  proposed  to  be  fitted  in  the  gangway, 
an  instrumented  dummy  would  be  the  ideal  means  for 
assessing  the  potential  for  pre-existing  limb  and 
neck,  injuries  to  be  exacerbated  by  the  impact 
forces . 

Lower  limb  force  transducers  were  not 
available  .^t  the  time  of  these  trials,  but 
subsequent  use  of  the  Hybrid  III  dummy  on  ejection 
rig  tests  has  shown  the  value  of  a  6-axis  femur 
load  cell  in  assessing  limb  loadings.  Its  use  is 
strongly  recommended  for  future  free-fall  lifeboat 
evaluations,  particularly  in  relation  to  the  use  of 
stretchers . 

No  attempt  has  been  made  in  this  paper  to 
relate  measured  forces  to  the  many  human  tolerance 
figures  available  in  the  literature  -  for  example 
the  1985  Michigan  University  Review  of 
Biomechanical  Impact  Response  (3).  Suffice  it  to 
say  that  many  data  are  available  against  which  Che 
measured  values  can  be  assessed  in  terms  of  injury 
risk,  a  direct  approach  which  offers  a  significant 
advance  over  Che  use  of  simple  matheaxat ical  «\o4els 
such  as  Che  CDRR  (4). 
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SUMMARY 

Recently  developed  angular  motion  sensors,  based  on  the 
laws  of  maraetohydrcmynamics,  have  potential  applica¬ 
tion  in  biocwnamic  research.  These  sensors  were  tested 
on  the  Naval  Biodynamics  Laboratory’s  (NBDL)  vertical 
accelerator,  using  the  Hybrid  III  manikin  as  the  test 
subject.  The  sensors  were  used  to  measure  the  manikin’s 
head  motion  in  three  dimensions.  Experiments  were 
conducted  at  impact  levels  up  to  13g  in  the  vertical  (+Z) 
direction.  Data  was  collected  using  both  the  new  sensors 
and  the  standard  NBDL  package  of  nine  linear  acceler¬ 
ometers.  A  new  method  for  obuinins  initial  position  and 
orientation  information  using  still  photogrammetry  was 
also  evaluated. 

The  analyses  of  the  tests  show  that  the  new  sensor  and 
photogrammetry  system  compared  very  well  with  the 
nine  accelerometer  array  and  the  direct  photographic 
measurement  of  displacement.  Comparisons  were  i^e 
between  measurements  of  acceleration,  velocity  and 
displacement.  The  new  system  yielded  equivalent  and, 
in  some  instances,  more  accurate  results.  This  study 
extends  the  results  of  previous  preliminary  testing  and 
confirms  the  value  of  tte  new  system  as  a  simpler,  more 
accurate  and  portable  replacement  for  the  old  one. 

IMRODUCTION 

At  the  NBDL  we  conduct  simulated  crash  and  ejection 
tests  utilizing  human  subjects  as  well  as  manikins. 
Analyses  of  Uiese  tests  require  a  validated  data  acquisi¬ 
tion  and  processing  system.  The  two  principal  require¬ 
ments  for  such  a  system  are  the  accurate  measurement 
of: 

1.  the  relative  positions  and  orientations  of 
coordinate  systems  based  on  aiutomical  and  instrumenta¬ 
tion  landmarks; 

2.  the  time  histon  of  the  anatomical  kinematic 
variables  which  include  finear  and  angular  velocity, 
acceleration,  and  displacement. 

For  this  series  of  comparison  tests  we  used  the  NBDL 
sled  coordiiute  system  and  the  head  aiutomical  coordi¬ 
nate  system  (11.  We  measured  the  linear  and  angular 
motioiu  of  the  head  with  arrays  of  subminiature  acceler¬ 
ometers.  Niiw  transducers  were  used  in  three  triaxial 
clusters,  an  arrangement  commonly  described  as  the  3-3- 
3  configuration  [/].  Aiutomical  coordinates  and  instru¬ 
mentation  location  were  measured  in  this,  the  'old* 
system,  by  X-ray  photogrammetry  (3].  High-speed 
cinematography  provided  direct  measure  of  displacement, 
as  well  as  coordinate,  initial  position  and  velocity 
information. 

Recently  m  angular  motion  sensor,  based  on  the  laws  of 


magnetohydrodynamics,  was  developed  by  Applied 
Technology  Associates  (ATA).  Prelimin^  evaluations 
of  this  sensor  both  at  NBDL  and  at  the  Tnmsportation 
Research  Center  of  Ohio  yielded  encouraging  results 
(4,5J.  These  tests,  however,  were  limited  in  scope  and 
did  not  address  the  issue  of  incorporating  the  new  sensor 
into  a  new  complete  system,  with  total  measurement 
capability  equivalent  to  the  old  system.  The  new  system 
we  describe  here  is  such  a  complete  one.  In  addition  to 
incorporating  the  new  sensors,  it  uses  35  nun  still  camera 
photos  for  locating  coordinates,  instrumentation,  and 
mitial  position. 

To  evaluate  the  performance  of  the  new  system,  we  per¬ 
formed  seven  impact  tests  using  the  NBDL  vertical 
accelerator  facility  and  an  appropriately  instrumented 
Hybrid  111  manikin  as  the  subject.  Tests  were  made  at 
impact  levels  up  to  13g  in  the  vertical  (  +  Z)  direction. 

EXPERIMENTAL  METHOD 

Coordinate  and  target  location.  The  new  head  anthro- 
pometry  procedures  used  six  simultaneous  35  mm  still 
photos  of  the  manikin  wearing  NBDL  standard  mouth 
instrumentation  [2].  Film  coordinates  of  the  markers 
positions  were  obtained  from  enlargements  using  an 
ALTER*  ^itizer.  Customizr^  versions  of  PREP*  and 
PC-GIANT*,  two  standard  photogrammetric  software 
packages,  were  used  for  the  three-dimensional  (3-D) 
reconstructions  of  marker  positions. 

This  new  system  yielded  point  positions  accurate  to 
±1  mm  with  up  to  four  degrees  of  freedom  for  error 
estimation.  The  old  system  yielded  a  minimal  solution 
with  no  degrees  of  freedom  for  error  estimation  (i.e., 
only  two  ray  intersections).  The  best  features  of  the  new 
methodology  are  the  lack  of  X-ray  exposure  for  human 
sulyects,  greatly  enhanced  portability,  increased  accuracy 
and  error  estimation  capability. 

To  compute  initial  conditions  for  the  head  kinematic 
variables,  the  positions  and  orientations  of  the  cameras 
with  respect  to  the  laboratory  coordinate  system  had  to 
be  located.  In  the  old  system,  a  theodolitic  survey  was 
used  to  locate  the  comers  of  each  ca:nera  mounting 
block.  The  location  of  the  camera  coordinate  systems  in 
the  laboratory  coordinate  system  were  then  determined 
by  combining  this  site  survey  data  with  camera  calibra¬ 
tion  data  (6]. 

In  the  new  system,  six  35  mm  cameras  were  mounted  on 
a  stationary  frame  on  the  vertical  accelerator,  two  on 
each  side  of  the  manikin  and  two  in  front.  Each  had  an 
unobstructed  view  of  a  large  numter  of  control  points 
and  the  expected  range  of  positions  of  targets  on  the  test 
subject.  A  calibrated  3-D  target  system  (a  "spider")  (7J 
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was  attached  to  a  previousijr  surveyed  target  cube  and  the 
transformation  from  the  spider  to  the  lam>ratoiv  system 
was  obtained.  Six  simultaneous  photos  of  the  above 
setup  were  taken.  The  negatives  were  digitized  on  a 
Mann  Comparator*  and  processed  through  P6£P*  and 
PC -GIANT*.  Site  survey  results  includra  the  positions 
and  attitudes  of  the  six  cameras,  the  locations  of  the  eight 
comers  of  three  target  ^control)  cubes  and  several  survey 
targets  at  various  locations  on  the  test  platform. 

The  35  mm  cameras  used  in  both  the  head  anthropometry 
and  site  survey  were  calibrated  and  corrected  for  radial 
and  tangential  lens  distortion  [8]. 

Kinematic  variable.  The  generation  of  time  traces  for 
the  head  kinematic  variables  require:  1)  the  relations 
among  the  coordinate  systems  determined  by  the  head 
anthropometry,  site  survey,  and  camera  calibrations;  2) 
stable  mathematical  algorithms  for  deriving  those  vari¬ 
ables  not  directly  measured  by  the  cameras  and  inertial 
sensors  and  3)  initial  values  for  the  kinematic  variables 
computed  by  these  algorithms. 

The  old  system  computes  initial  head  linear  and  angular 
displacements  and  velocities  using  approximately  50  ms 
of  photodata  acquired  prior  to  first  motion  by  the  three 
high  sp«^  cameras.  Angular  initial  conaitions  are 
derived  in  quaternion  form.  Euler  angle  and  direction 
cosine  matnx  initializations  are  obtained  via  standard 
conversion  formulas  [1,2],  Initial  accelerations  are 
arbitrarily  set  to  zero. 

The  new  system  computes  the  initial  displacements  from 
a  set  of  SIX  simultaneous  35  mm  still  photos  acquired 
prior  to  first  motion.  Initial  velocities  and  accelerations 
are  set  to  zero. 

in  the  old  system,  the  linear  and  angular  displacements 
of  the  mouth  instrumentation  with  respect  to  the  laborato¬ 
ry  are  computed  using  a  non-linear  least  squares  algo¬ 
rithm  [9]  on  two-dimensional  photodata  from  the  three 
high-spe^  cameras.  Angular  and  linear  velocities  are 
obtained  by  differentiation  of  the  displacement  data. 
Linear  accelerations  of  the  mouth  instrumentation  are 
obtained  from  a  linear  accelerometer  triad  placed  at  the 
instrument  origin.  Angular  accelerations  and  velocities 
are  computed  using  appropriate  differences  of  linear 
ac  elerometer  measurements  from  the  three  triaxial 
clusters  (3-3-3  accelerometer  package)  and  Euler’s 
equations.  The  available  redundancy  m  equations  is 
exploited  to  compute  a  "best"  least  ^uates  solution  for 
the  accelerations  and  velocities.  Linear  velocities  ate 
obtained  by  integration  of  the  linear  accelerations. 

Data  quality  is  assessed  by  the  degree  of  overlay  of  the 
photo  and  accelerometer-derived  linear  and  angular 
velocity  plots. 

In  the  new  system,  linear  accelerations  of  the  mouth 
instrumentation  are  measured  as  in  the  old  system. 
Repeated  mtegrations  produce  the  corresponding  veloci¬ 
ties  and  displacements.  The  redundancy  of  the  new 
linear  accelerometer  and  angular  velocity  sensor  system 
allows  the  determination  of  optima]  linear  acceleration 
values  which  yield  stable,  reliable  velocities  and  displace¬ 
ments. 

Angular  velocities  about  the  X,  Y  and  Z  axes  of  the  head 
coordinate  system  are  measured  by  thtee  orthogonal 
angular  velocity  sensors.  Annlar  accelerations  are 
obtained  by  using  a  5  point  difterentiator  on  the  mea¬ 
sured  anralar  velMity  data.  Anraiar  displacements  are 
obtained  oy  applying  ■  4th  order  Runge-Kutta  method  to 
the  linear  variable-coefficient  differential  equations  for 
quaternion  time  evolution  [10].  The  measured  angular 
velocities  are  the  coefficients  for  this  system  of  equa¬ 
tions.  Best  results  for  this  algorithm  were  Obtained  by 


"normalizing”  all  quaternions  appearing  in  the  Runge- 
Kutta  formulas  for  each  time  step  rather  than  forcing 
normalization  by  penalty  functions  [10], 

Test  configuration.  All  tests  were  conducted  using  a 
Bendix  Hyge  .  1524  m  (6”)  diameter  pneumatically  driven 
accelerator  and  NBDL's  vertical  payload  carriage. 

The  manikin  was  restrained  in  a  nominally  upright  seated 
position  by  shoulder  straps,  a  lap  belt  and  an  inverted-V 
pelvic  strap  secured  to  the  lap  belt.  Wrist  restraints  were 
used  to  prevent  flailing  of  the  arms.  Data  was  collected 
using  NBDL’s  standard  channels  (125  Hz,  2(XK)  sam- 
ples^econd/chaimel).  Figure  1  is  an  illustration  of  the 
overall  test  configuration. 


Figure  1  Experimental  setup. 


The  old  and  new  system  were  evaluated  by  fitting  the 
Hybrid  III  ni-iikin  with  two  head  instrumentation 

Packages;  the  3-3-3  accelerometer  package  (called  T- 
late  for  its  shape),  and  a  three-dimensional  measure¬ 
ment  package  consisting  of  a  triaxial  linear  accelerometer 
cluster  and  thtee  orthogonal  angular  velocity  sensors 
(called  Triax-ATA). 

All  accelerometers  were  Entran  EGA  series  subminiature 
piezoresistive  units  with  a  dynamic  range  of  ±50g  and 
a  nominal  sensitivity  of  3  mv/g.  The  angular  venx;ity 
sensors  were  ATA  ARS-I  sensors,  which  had  a  dynamic 
range  of  ±1600  rad/s  and  a  nominal  sensitivity  of  6 
mv/rad/s.  The  T-PIate,  which  doubles  as  a  phototarget 
carrier,  was  firmly  attached  to  an  interface  fixture  bolted 
to  the  nuuiikin’s  chin  (as  seen  in  Figure  1).  The  Triax- 
ATA  pKkage  was  bolted  to  the  b^  of  the  manikin’s 
head  using  a  package  illustrated  in  Figure  2. 
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Figure  2  Triax-ATA  mounting  package. 


The  measurements  from  this  package  were  made  in  the 
coordinate  system  defined  in  Figure  3,  where  the 
arrowheads  indicate  the  direction  of  positive  motion. 
Measurements  from  the  T-plate  cluster  were  transformed 
to  this  same  coordinate  system  to  allow  a  direct  compari¬ 
son  of  the  motions  recorded  hy  both  systems. 
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Figure  3  Manikin  Coordinates 


The  new  system's  still  photography  and  the  old  system’s 
high  speed  cinematography  were  also  used  for  measuring 
initial  position  and  displacement.  This  configuration 
allowed  the  following  comparisons:  Triax-ATA  vs  T- 
plate;  T-plate  vs  photodata;  and  Triax-ATA  vs  phi.todata. 


Tlm«  (••cocida) 

Figure  4.  Typical  sled  acceleration  profiles. 


Figure  4  illustrates  typical  time  traces  for  accelerations 
ranging  from  5g  to  Ijg.  The  basic  parameters  include 
peak  sled  acceleration,  endstroke  sled  velocity,  rate  of 
acceleration  onset,  and  duration  of  peak  acceleration. 
These  are  sumnwrized  in  Table  1. 


Peak 

(m/s’) 

Endstroke 

velocity 

(m/s) 

Rate  of 

onset 

(m/s’) 

Duration 

(ms) 

48.4 

4.8 

601 

62 

82.9 

6.8 

2194 

59 

94.5 

7.5 

2540 

58 

125.3 

9.3 

3538 

53 

Table  1  Sled  Acceleration  Parameters 

angular  acceleration,  velocity  and  displacement)  were 
con:r''red  between  the  new  and  old  systems.  At  each 
acceiciation  level,  differentiated  angular  sensor  outputs 
were  compared  with  the  conmuted  angular  accelerations 
of  the  T-plate.  For  the  T-plate,  NBDL’s  standard 
procedure  '  vas  used.  This  takes  advantage  of  the  avail¬ 
able  redundancy  in  eouations  to  compute  a  best  least- 
squares  solution  for  tne  angular  accelerations  and  the 
linear  accelerations  of  the  mouth  T-plate  origin.  For  the 
new  system,  only  the  linear  acceleration  of  the  origin  is 
computed  via  least  squares.  The  angular  accelerations 
are  computed  by  differentiating  the  angular  velocity 
measurements. 

At  the  velocity  level,  the  computed  angular  acceleraiion 
measurements  were  mathematically  integrated  and 
compared  with  the  direct  measurements  obtained  from 
the  ATAs.  The  angular  trajectories  obtained  from  the 
high  speed  cinematimraphy  were  also  differentiated  ,md 
compared  to  the  ATA  outputs.  The  computed  linear 
acceleration  measurements  of  the  T-plate  origii.  ,or  the 
new  and  old  systems  were  integrated  and  compared  to 
differentiated  linear  displacement  photodata  from  high 
sp^  cinematography. 

At  the  displacement  level,  angular  displacements  about 
the  X,  Y  and  Z  axes  of  the  head  anatomical  system 
obtained  by  high-speed  cinematography  were  compared 
with  computeo  angular  displacements  obtained  from 
integrating  the  quatemionic  equations  of  motion  and 
subsequent  conversion  to  Euler  angles.  Linear  displace¬ 
ments  of  the  T-plate  origin  obtained  from  high-speed 
cinematography  were  compared  to  the  linear  displace¬ 
ments  computM  by  integration  of  the  computed  linear 
velocities  of  the  new  system. 

RESULTS 

Due  to  the  stiffness  of  the  manikin  neck,  there  was  no 
significant  head  motion  outside  the  mid-saggital  (X-Z) 
lane.  Consequently,  the  linear  kinematics  reviewed 
ere  include;  X  and  Z  displacements  (Xd,  Zd),  velocities 
(Xv,  Zv)  and  accelerations  ^Xa,  Za).  The  rotational 
kinematics  about  the  Y  axis  (®Y)  include  angular 
displacement  (@Yd),  angular  velocity  '(^Yv)  and  angular 
acceleration  (®Ya). 

Individual  and  overlay  plots  of  old  and  new  ®Ya,  (^Yv 
and  ®Yd  for  a  13g  test,  are  shown  in  Figures  5-7. 
Figures  (  and  7  include  an  unfiltered  plot  of  ®Yv  and 
@Yd  computed  from  the  old  high  speed  cinematography 
as  a  reference  standard. 

Figures  8-11  show  overlayjilots  of  old  and  new  Xa,  Za, 
Xv  and  Zv  respectively.  Figures  12  and  13  are  plots  of 
the  old  and  new  di^lacement  measures,  Xd  and  Zd. 
The  velocity  and  displacement  plots  (Figures  10-13) 
include  an  unfiltered  reference  computed  from  the  old 
high  speed  cinenwtography. 
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Comparison  analysis.  All  kinematic  variables  (linear  and 
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Figure  13:  Old  and  New  Z-axis  linear  displacement 


DISCUSSION 

Figures  5-13  present  the  comparisons  of  the  midsagittal 
head  kinematic  variables  measured  by  the  old  and  new 
sj;stem  for  a  13g  +7  vertical  test.  It  is  evident  from 
figure  5-6  that  the  aTA  sensors  yield  an^Iar  accelera¬ 
tion  anJ  velocity  measurements  matching  those  produced 
by  the  old  system.  The  differentiated  angular  displace¬ 
ment  photodata  provides  an  independent  confirmation  of 
the  accuracy  of  the  velocity  measurements.  For  the 
angular  displacement  in  Fi3ure  7,  the  photo  data  is  the 
direct  measurement.  The  new  sensor  derived  angular 
displacement  agrees  excellently  with  the  anwiar  displace¬ 
ment  photod  ita.  The  discrepancy  in  initial  displacement 
at  zero  time  between  the  olo  photo  and  the  new  sensor  is 
due  to  the  two  different  photogrammetric  systems  -  high 
speed  cameras  vs  35  mm  cameras  -  used  to  obtain  the 
initial  conditions. 

The  excellent  performance  of  the  new  system  in  deriving 
the  angular  kinematics  is  not  surprising  Since  angular 
velocity  is  directly  measured,  a  single  differentiation  or 
integration  leads  to  the  corresponding  angular  accelera¬ 
tion  and  displacement.  However,  the  linear  kinematics 
are  another  matter.  As  Figures  8-9  illustrate,  there  is 
excellent  agreement  between  the  new  and  old  head  linear 
accelerations.  However,  at  the  velocity  and  displacement 
levels,  (Figures  10-13),  the  new  sensor  system  tracks  the 
photo  derived  velocities  much  more  closely  than  does  the 
old  system.  The  displacements  measure  hv  the  new 
system  (accounting  for  differences  in  initial  position) 
track  the  photo  denved  displacements  extremely  well  up 
to  350  ms,  while  showing  far  less  divergence  than  the 
old  system  displacements. 

The  improved  accuracy  of  .lie  new  system  is  due  to  the 
direct  measurement  of  angular  velocity,  using  differenti¬ 
ating  to  obtain  acceleration.  The  old  system  uses  a 
bootstmp  least-squares  algorithm  for  deriving  head  linear 
and  angular  accelerations  and  velocities  [?!.  This 
procedure  leads  to  the  accumulation  of  small  errors 
which  results  in  an  increased  divergence  in  the  computed 
displacements  after  250-300  ms. 


CONCLUSIONS  AND  RECOMMENDATIONS 

The  anaivses  of  the  tests  show  that  the  new  sensor  and 
photogrammetry  system  compared  very  well  with  the  old 
nine  accelerometer  array  and  the  direct  photographic 
measurement  of  di^Iacement.  The  new  and  old  angular 
kinematics  and  linear  accelerations  show  excellent 
agreement.  However,  the  new  linear  velocities  and 
displacements  match  the  photodata  velocities  and  dis¬ 
placements  more  closely  than  do  the  old  ones. 

Further  improvements  in  the  computatiou  of  linear 
displacements  are  planned.  These  include:  1)  filtering 
the  derived  angular  accelerations;  2)  properly  weighting 
the  new  least-^uares  algorithm  tor  ootaining  linear 
accelerations  using  accelerometer  calibration  data  and  3) 
refining  the  numerical  integration  procedure. 

In  addition,  we  are  planning  improvements  in  sensor 
performance.  For  example,  we  are  currently  implement- 
mg  an  improved  calibration  procedure^.  Possibly  more 
important,  the  dynamic  range  of  the  ATA  sensor  (±  1600 
rad/s)  is  an  order  of  magnitude  more  than  necessary.  All 
experiments  yielded  angular  velocities  below  100  rad/s, 
which  is  in  the  bottom  6%  of  the  dynamic  range.  A 
different  re-scaled  sensor  should  improve  the  new  system 
performance. 

We  are  satisfied  that  the  new  system  performs  as  well  or 
better  than  the  old  system.  Inis  confirms  the  value  of 
the  new  system  as  a  simpler,  more  accurate  and  portable 
replacement  for  the  old  one. 


ACKNOWLEDGEMENTS 

There  are  many  people  whose  efforts  made  this  report 
possible  and  whom  we  would  like  to  thank.  Mr.  Jim 
Lambert  and  Mr.  Ronnie  Wilson  of  the  Mathematical 
Sciences  Division  put  forth  tireless  efforts  in  completing 
required  scientific  programming  and  computing  tasks. 
Ms.  Barbara  Bishop  and  Ms.  Dorothy  Francis  of  the 
Data  Systems  Division,  respectively,  processed  the  test 
data  through  the  old  and  new  analysis  systems,  and 
digitized  and  processed  the  new  35  mm  photodata.  Mr. 
Bill  Campos  of  Pentaslar  Support  Services  Inc.,  photo- 
digitzed  tne  high-speed  film.  Finally,  Ms.  June  Gordon 
of  the  Research  Department  skillfully  produced  the  fmal 
camera  ready  manuscript. 


REFERENCES 

[1]  Ewing,  C.L.,  Thomas,  D.J.,  Lustick,  L.S.,  Muzzy, 
W.H.,  111,  Willems,  G.  and  Maiewski,  P.L.,  "Dynamic 
Response  of  Human  Head  and  Neck  to  -I- Gy  Impact 
Acceleration."  Proceedings  of  the  Twenty-First  Stapp 
Car  Crash  Conference,  Society  of  Automotive  Engineers, 
Inc.,  Warrendale,  PA,  1977. 


^  A  (ront-turfice  mirror  <•  mounted  on  an  angular  shaker  with  the  rellcctive  surface  aligned  with  the  spin  axis.  A  beam 
from  a  laser  equipped  with  focusing  optics  is  bounced  off  the  mirror  into  a  screen  located  a  distance  away  from  the  shaker. 
As  the  shaker  is  driven  sinusoidally  at  a  discrete  frequency,  a  line  is  "painted"  on  the  screen  and,  if  the  length  of  the  line,  the 
distance  from  the  mirror  to  screen  and  the  driving  frequency  are  known,  the  angular  velocity  of  the  shaker  ean  be  readily 
computed.  The  advantages  of  this  method  are:  a)  there  is  no  comparison  to  another  sensor  required,  b)  the  measurements  are 
made  at  the  displacement  level  and  harmonic  distortion  is  not  an  issue,  and  c)  the  measurement  is  as  close  to  absolute  as 
possible.  Precise  knowledge  of  the  frequency  of  the  driving  oscillator  is  all  that  is  needed.  If  one  performs  these  measurements 
at  a  number  of  discrete  frequencies,  the  sensitivity  of  the  sensor  can  be  determined  throoxhout  the  operating  frequency  range. 


[2]  Becker,  E.B.  and  Willems,  G.,  'An  Experimentally 
Validated  3-D  Inertial  Tracking  Package  for  Application 
in  Biodynamic  Research. '  Proceedings  of  the  Nmeteenth 
Stapp  Car  Crash  Conference,  Society  of  Automotive 
Engineers,  Inc.,  Warrendale,  PA,  1975. 

[3]  Becker,  E.B.,  'Stereoradiographic  Measurements  for 
Anatomically  Mounted  Instruments. '  Proceedings  of  the 
Twenty-First  Stapp  Car  Crash  Conference,  Society  of 
Automotive  Engineers,  Inc.,  Warrendale,  PA,  pp.  475- 
505,  1977. 

[4]  LaughlLn,  D.R.,  'A  Magnetohydrodynamic  Angular 
Motion  Sensor  for  Anthropomorphic  Test  Device  Instru¬ 
mentation.'  Proceedings  of  the  Thirty-Third  Stapp  Car 
Crash  Conference,  Socie^  of  Automotive  Engmeers, 
Inc.,  Warrendale,  PA,  1989. 

[5]  Willems,  G.C.  and  Knouse,  D.R.,  'A  Detailed 
Evaluation  of  the  ATA  Angular  Motion  Sensor  in 
Realistic  Crash  Environments.'  Proceedines  of  the 
'Diirty-Fifth  Stapp  Car  Crash  Conference,  Society  cf 
Automotive  Engmeers,  Inc.,  Warrendale,  PA,  1991. 

16)  Willems,  G.C.,  Muzzy,  W.H.,  III,  and  Lustick, 
L.S.,  'Cinematographic  Data  Systems  at  the  Naval 
Biodyramics  Laboratory:  Collectea  Papers. '  Report  No. 
NBDL-82R011,  Naval  Biodynamics  Labcrato^,  New 
Orleans,  LA,  May  1982. 

[7]  GPA  Associates,  'Camera  Network  Design  for  Head 
Anthropometry  and  Initial  Condition  Determination.' 
Contract  N00205-91-M-G288,  Final  Report,  Naval 
Biodynamics  Laboratory,  New  Orleans,  LA,  15  August 
1991. 

(8J  GPA  Associates,  'Analytic  Plumb  Line  Calibration 
of  35  mm  Photodata  Acquisition  System.'  Contract 
N00205-91-M-B306,  Final  Report,  Naval  Biodynamics 
Laboratory,  New  Orleans,  LA,  15  July  1991. 

I9|  Becker,  E.B.,  'A  Photographic  Data  System  for 
Determination  of  3-Dimensional  Effects  of  Multi^axes 
Impact  Acceleration  on  Living  Humans. '  Proceedings, 
Society  of  Photo-Optical  Instrumentation  Engineers,  Vol. 
57,  1975. 

(10)  Robinson,  A.C.,  'On  the  Use  of  Quaternions  in 
Simulations  of  Rigid  Body  Motion.'  WADC  TR  58-17, 
Wnght  Air  Development  Center,  December  1958. 


Human  Factors  Causes  and  Management  Strategies 
in  US  Air  Force  F-16  Mishaps  1984-Present 


22-1 


R.D.  Vanderbeek 
Aerospace  Medicine  Division 
HQ  TAC/SGPA 
Langley  AFB,  VA  23665 
U.S.A. 


1.  SUMMARY 

The  F-16  was  introduced  into  the  US  Air  Force  in  1975 
as  the  YF-16.  It  began  significant  operational 
employment  in  the  early  1980's.  For  this  paper 
statistics  reflect  mishaps  since  1984,  an  arbitrary 
starting  point  reflecting  mature  operational  r-16 
employment  as  the  venerable  F-4  was  being  phased  into 
retirement. 

A  review  of  ail  F-16  Class  "A"  mishaps  (i.e.  loss  of 
aircraft,  life,  or  damage  exceeding  $1  million)  from 
January  1984  through  the  end  of  March  1992  is 
presented.  These  mishaps  are  first  listed  within 
traditional  causal  categories.  The  mishaps  where 
operator  factor  was  cited  are  then  recategorized  into  an 
expanded  umbrella  framework  reflecting  operationally 
meaningful  subsets  of  situational  awareness  (SA).  This 
SA  framework  more  clearly  demonstrates  the  role  and 
importance  of  pilot  attention  and  broader  awareness  in 
mishap  avoidance.  A  program  developed  by  Tactical 
Air  Comnuind,  United  States  Air  Force,  to  improve 
pilot  attention  and  awareness  is  then  discussed. 

2.  MISHAP  EPIDEMIOLOGY 

Tliere  have  been  120  Class  A  mishaps  in  the  F-16  from 
1984  to  the  present.  Fifty  mishaps  have  been  attributed 
to  system  or  component  failures  (mostly  engine  failures) 
or  maintenance  errors.  Sixty  five  mishaps  have  been 
attributed  to  operator  factor,  while  five  mishaps  have 
been  due  to  natural  causes  [bird  and  lightning  strikes]. 
There  have  been  42  fatalities  associated  with  these  120 
mishaps;  all  42  have  occurred  where  operator  cause  was 
cited. 

Of  the  65  mishaps  where  operator/pilot  factor  was 
deemed  causal,  most  authors  or  Air  Force  agencies  have 
classified  them  into  traditional  categories  as  shown  in 
Table  1. 

The  Loss  of  Situational  Awareness  (LSA)  and  Spatial 
Disorientation  (SDO)  mishaps  are  often  difficult  to 
differentiate.  In  all  LSA  mishaps  there  certainly  has 
been  secondary  loss  of  spatial  awareness  with  respect  to 
the  earth's  surface.  Similarly,  in  all  of  the  SDO 
mishaps  there  certainly  has  been  loss  of  attitude 
situational  awareness.  For  the  28  combined  LSA  and 
SDO  mi.shaps,  six  have  occurred  in  day  vi.sual  flight 


conditions  with  a  distinct  horizon;  14  occurred  in  a 
degraded  visual  environment  (either  night  or  weather), 
but  an  unusual  attitude  was  not  encountered;  and  in 
eight  an  unusual  attitude  was  encountered  in  a  degraded 
visual  environment.  Therefore,  some  crossover  and 
mixing  of  causality  exists  within  these  two  traditional 
causal  categories. 


Table  1.  F-16  Class  A 

to  1992.  with  Ooerator 

Mishaps,  1984 
Cause  Cited. 

Traditional  Number 

of  Number  of 

Cateaorv  Mishaos 

Fatalities 

G  Loss  of  Con- 

sciousness  (G-LOC)  6 

6 

Loss  of  Situational 

Awareness  (LSA)  14 

12 

Spatial  Dis- 

orientation  (SDO)  14 

12 

Loss  of 

Control  (LOC)  6 

0 

Midair  Collision  12 

9 

Takeoff  or 

Landing  Phase  6 

0 

Miscellaneous  7 

3 

65 

42 

2.1  Expanded  Concept  of  Mishap  Causality 
The  current  concept  of  situational  awareness  lacks 
operational  reality  and  often  is  narrow  in  focus, 
typically  highlighting  "Top  Gun"  air  fighting  skills 
while  ignoring  other  aspects  of  global  situational 
awareness.  A  "Situational  Awareness  Umbrella" 
nicknamed  SABRELLA  was  developed  as  an  analogy  to 
depict  a  more  complete  situational  awareness  (SA) 
model  from  an  operational  perspective.  The 
SABRELLA  analogy  as  it  displays  this  SA  concept  is 
shown  in  Figure  1 . 

The  detractors  of  SA  are  shown  as  "raining  down"  onto 
the  SABRELLA,  trying  to  "ruin  your  day"  by 


SABRELLA 

TEMPORAL  DISTORTION 
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Figure  1 
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degrading  SA.  These  are  traps  or  predisposing  factors 
that  lead  to  aircrew  error.  These  detractors  are 
constantly  a  potential  nuisance  during  many  phases  of 
flight  on  most  daily  operational  F-16  sorties. 

The  supporters  of  SA  are  shown  as  the  struts  in  the 
frame  of  the  SABRELLA,  as  they  try  to  retain 
awareness  by  countering  the  detracting  influences.  The 
"supporters'  of  SA  include  management  of  task 
priorities,  flying  proficiency  and  currency,  attention, 
pilot  capacity,  self-discipline,  training,  and  experience. 
The  "detractors*  include  confusion,  distraction,  task 
saturation  and  complexity,  channelized  attention, 
illusions,  false  information,  ego  and  aggression, 
physiological  detractors,  complacency,  experience, 
biases,  and  TEMPORAL  DISTORTION. 

The  potential  augmentation  of  SA  is  shown  blending 
into  the  handle  of  the  SABRELLA.  These  are  post¬ 
takeoff  variables  that  can  add  stability  to  or  enhance  the 
SA  framework  in  a  fluid  environment:  time  and 
additional  information  that  becomes  available.  Under 
the  SABRELLA  is  depicted  the  aircraft  being  flown 
operationally,  and  those  "subsets"  of  SA  that  your 
SABRELLA  is  trying  to  preserve  from  the  "rain  of 
detractors". 

Six  situational  awareness  subsets  are  shown  in  Figure  1: 

Geographic  Awareness 
Performance  (aircraft)  Awareness 
Psychologic  Awareness 
Physiologic  Awareness 
Spatial  Awareness 
Tactical  Awareness 

These  subsets  are  not  meant  to  be  an  exhaustive  listing 
of  all  of  the  elements  of  global  situational  awareness. 
However,  they  describe  most  operational  situations,  and 
at  many  times  are  paired  or  grouped  with  each  other  in 
a  complex  way.  It  may  be  difficult  to  determine  which 
subset  is  the  primary  cause  in  a  mishap  scenario. 

Geographic  awareness  describes  position  of  the  aircraft 
in  latitude/longitude  over  the  earth's  surface. 
Performance  awareness  refers  to  aircraft  (not  person), 
and  includes  one's  own  aircraft  as  well  as  the 
performance  of  the  uiiemy's  or  wingman's  aircraft. 
Psychologic  awareness  describes  the  pilot's  self- 
assessment  of  his  current  psychological  state  (mood, 
anger,  ego-control,  embarassment,  vigilance, 
motivation,...).  Physiologic  awareness  describes  the 
pilot's  assessment  of  his  physiological  condition 
(fatigue,  illness.  Fitness,  G  tolerance,  thermal  burden). 
Spatial  awareness  describes  attitude  orientation  of  the 
aircraft  with  respect  to  the  surface  of  the  earth.  Tactical 
awareness  is  the  most  complex  in  the  fighter  aviation 
environment,  and  includes  multiple  variables.  Other  air 
threats  and  own  wingman  position,  ground  threats  to 
the  aircraft,  mission  scenario,  navigation  requirements. 


threat  priorities,  complex  information  processing, 
comprehension  of  the  tactical  situation,  and  predictive 
capability  are  just  some  of  the  many  variables  presented 
to  the  pilot  in  the  tactical  environment. 

In  summary,  the  SABRELLA  analogy  depicts  the 
elements  that  may  degrade  SA,  elements  that  provide 
fundamental  SA,  elements  that  may  enhance  SA  once 
airborne,  and  components  of  SA  that  the  pilot  is  trying 
to  preserve.  Maximal  preservation  of  SA  ultimately 
protects  the  pilot  and  his  weapon  system  and  better 
enables  the  employment  of  that  weapon  system,  both  in 
peacetime  and  in  combat. 

2.2  Recat^orization  of  F-16  Class  A  Mishaps 
Using  the  six  subsets  of  SA  depicted  beneath  the 
SABRELLA  analog,  the  65  operator-related  mishaps 
can  be  reclassified.  Analysis  of  each  mishap  allows  a 
description  of  the  subset(s)  of  SA  that  were  degraded 
during  the  mishap  scenario.  This  recategorization  is 
shown  below  in  Table  2. 


Table  2. 

Recategorization 

of  F-16 

Class  A  Mishaps  into  Subsets  of 
Dearaded  Situational  Awareness  (SA). 

Number | Number  SA 

Subset  SA 

Cateaorv 

Mishaps 

Dearaded 

Dearaded 

G-LOC 

6 

6 

Phy ,  Per , 
Psy 

LSA/SDO 

28 

28 

Tac ,  Spa 

LOC 

6 

6 

Spa,  Per, 
Tac,  Psy 

MidAir 

12 

9 

Tac,  Per, 
Psy 

Takeoff/ 

Landing 

6 

3 

Spa,  Per 

Miscel- 

7 

4 

Tac,  Geo, 

laneous 

Psy,  Per 

65 

56 

(86%t 

Phy“  Physiologic 

Spa=  Spatial 

P8y=  Psychologic 

Tac=  Tactical 

Geo=  Geoaraohic 

Per=  Performance 

The  following  discussion  presents  an  example  of  the 
degradation  of  a  situational  awareness  subset  within 
each  traditional  causal  mishap  category. 

G  Loss  of  Consciousness  (G-LOC):  In  all  of  these 
mishap  scenarios  failure  to  monitor  physiologic 
awareness  has  been  directly  causal.  If  the  pilot 
monitors  G  onset  and  duration  in  the  context  of 
physiologic  capability,  G-LOC  will  not  occur.  Aircraft 
performance  is  also  a  factor  as  it  determines  high  G 
capability,  and  psychologic  state  has  been  a  contributor 


I 
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in  some  mishaps  where  excess  motivation  to  succeed  or 
attempting  to  recover  from  a  previous  embarassing 
engagement  were  factors  in  the  mishap.  Suboptimai 
psychological  states  degrade  the  pilot's  ability  to 
maintain  awareness  within  the  other  subsets. 

Loss  of  SA/Spatial  Disorientation  (LSA/SDO):  In  most 
of  these  mishaps  degraded  tactical  awareness  has  been 
instrumental.  Task  saturation,  channelized  attention, 
distraction  or  task  misphoritization  leads  to  degraded 
tactical  awareness  and  thence  to  potential  loss  of  spatial 
awareness  with  resultant  collision  with  the  ground.  In 
some  of  the  scenarios  loss  of  spatial  awareness  is  the 
only  probable  factor  as  no  tactical  scenario  was 
operative. 

Loss  of  Control  (LOC):  In  all  of  these  mishaps  loss  of 
spatial  and  performance  awareness  are  directly  causal. 
Assessment  of  aircraft  attitude  in  relation  to  airspeed  is 
critical  if  loss  of  control  is  to  be  avoided.  Often  tactical 
awareness  is  also  degraded,  as  'nose  high  and  slow 
airspeed*  are  generally  tactically  unsound  maneuvers. 
Psychologic  awareness  has  been  a  factor  as  well  in  some 
of  these  mishaps,  as  a  pilot  in  an  effort  to  gain 
positional  advantage  disregards  aircraft  attitude  and 
performance. 

Mid  Airs:  These  are  complex  scenarios,  but  in  many  of 
the  mishaps  (7S%)  loss  of  tactical  and  performance 
awareness  have  been  operative  as  well  as  loss  of 
psychological  awareness.  Similarly  to  loss  of  control 
mishaps,  desire  to  achieve  a  fighting  advantage 
precludes  appropriate  assessment  of  the  tactical  situation 
or  aircraft  performance  and  flight  vector. 

Takeoff  and  Landing:  About  half  of  these  mishaps  have 
involved  degraded  spatial  awareness  (sink  rate  not 
perceived)  and/or  degraded  performance  awareness 
(failure  to  assess  available  aircraft  performance  in  the 
presence  of  a  high  sink  rate). 

Miscellaneous:  The  best  example  within  this  group  is 
fuel  starvation  where  degradation  of  SA  may  occur 
within  several  subsets:  poor  tactical  awareness  of  fuel 
state  during  the  air  to  air  dogfight;  poor  geographic 
awareness  of  where  the  recovery  bases  are  located;  poor 
psychological  awareness  as  a  pilot  fights  the  opponent 
to  a  low  fuel  state;  or  complacency  during  a  navigation 
flight  with  failure  to  perform  regular  cross-checks  of 
fuel  quantity  or  status. 

When  all  65  mishaps  are  analyzed  a  'primary  causal 
subset  of  degraded  SA*  can  be  assigned  to  56  (86%). 
The  results  are  shown  in  Table  3. 


Table  3.  F-16  Class 

Dearaded  Situational 

A  Mishaps  with 
Awareness  tSA). 

Primary  Subset  of 

Number  of  Class 

SA  Dearaded 

A  Mishaos 

Tactical  Awareness 

27 

Performance 

Awareness 

10 

Spatial  Awareness 

8 

Physiologic 

Awareness 

6 

Psychologic 

Awareness 

5 

Geoaraohic  Awareness 

0 

3.  DISCUSSION 

56  of  65  Class  A  F-16  mishaps  can  be  placed  within  the 
various  subsets  of  a  more  global  perspective  of 
operational  situational  awareness.  This  categorization 
reflects  how  degradation  of  any  of  these  SA  subsets  can 
contribute  to  degradation  of  other  subsets  and  to  a 
sequence  of  causal  events  that  may  culminate  in  an 
aircraft  accident.  Improving  pilot  attention  and 
awareness  skills  should  break  this  sequence  of  events 
through  optimization  of  SA  and  reduce  mishap 
likelihood. 

3.1  Aircrew  Attention  and  Awareness 
Management  Program 

In  an  effort  to  reduce  Class  A  mishaps,  the  US  Air 
Force's  tactical  air  forces  and  Tactical  Air  Command 
(TAC)  have  developed  a  program  whose  strategy  is 
aimed  at  enhanced  aircrew  attention  skills  and 
situational  awareness.  This  program  is  called  'Aircrew 
Attention  and  Awareness  Management  Program* 
(AAAMP)  which  is  gradually  being  phased  into  ail 
levels  of  training  in  TAC.  The  curriculum  is  being 
developed  by  a  team  of  aerospace  physiologists, 
aerospace  medicine  specialists,  and  experienced  USAF 
pilots. 

The  program  is  planned  for  phasic  implementation,  with 
the  first  phase  being  presented  at  basic  fighter  training 
at  Holloman  AFB,  NM;  the  second  phase  will  be 
presented  to  students  at  fighter  training  units  throughout 
the  command;  the  third  phase  will  target  the  instructors 
at  these  training  units;  and  the  final  phase  will  be 
presented  at  operational  units.  Phases  1  and  2  have 
already  begun.  Part  One  of  the  curriculum  is  composed 
of  three  hours  of  basic  physiology  which  addresses 
perception,  memory,  information  integration  and 
processing,  decision  and  r^ponse  selection,  task 
execution  and  attention  problems.  Subsequent  parts  of 
the  curriculum  are  mission-specific,  developed  for  each 


aircraft  type  and  mission  type  (air-to-air,  air-to-ground, 
night  interdiction,  etc). 

A  mission  plaiming  model  is  a  key  element  of  the 
curriculum,  which  provides  a  framework  for  analysis  of 
potential  events  for  the  entire  mission  from  takeoff  to 
landing  to  include  the  environment,  the  aircraft,  the 
aircrew  member,  the  situation,  and  the  mission 
scenario.  High  probability  human  performance 

concerns  are  analyzed  and  a  response  plan  is  developed 
for  each  concern  within  the  mission  model.  Mission 
segments  where  high  task  loading  is  likely  come  under 
careful  scrutiny;  task  pacing  may  be  rehearsed,  and  a 
plan  to  deal  with  loss  of  SA  is  developed. 

The  goal  of  the  program  is  improved  attention  skills, 
which  should  be  reflected  in  increased  global  situational 
awareness  and  improved  predictive  skills.  Time  sharing 
skills  should  improve,  and  will  include  time  for 
assessment  of  physiological  and  psychological 
conditions  as  well  as  tactical  and  spatial  concerns. 
Critical  versus  non-critical  tasks  are  pre-identified 
before  takeoff;  task  execution  will  be  dependent  upon 
attention,  awareness  and  time  available.  The  overall 
impact  of  a  successful  training  program  will  be 
heightened  awareness  skills  with  a  reduction  in  aircrew 
error  rate.  The  main  benefactor  will  be  improved 
aircrew  performance  for  99,999  of  100,000  flying 
hours;  the  benefit  to  a  broken  causal  mishap  sequence 
will  occur  in  that  one  flying  hour  per  100,000  where 
error  has  a  catastrophic  outcome. 

The  AAAMP  has  admitted  limitations.  Pilot 
knowledge,  exfierience,  proficiency,  and  scenario 
familiarity  are  not  well  taught  in  the  classroom. 
However,  a  dedicated  attention  skills  training  program 
should  hasten  knowledge  acquisition,  enrich  available 
flying  experiences,  and  improve  proficiency  that  is 
otherwise  gained  in  a  more  haphazard  fashion  through 
trial  and  error  or  'near-miss*  experiences. 

Future  expansion  to  incorporate  simulators  for  cockpit 
attention  and  awareness  skills  training  is  not  presently 
built  into  the  program.  Realistic  high  fidelity  mission 
scenarios  could  be  developed  to  assess  and  refine  pilot 
attention  skills,  improve  task  execution,  and  identify 
deficiencies  in  cockpit  pacing. 

4.  CONCLUSION 

Traditional  categorization  of  mishaps  where  operator 
factor  was  cited  do  not  reflect  the  human  performance 
issues  that  were  instrumental  in  the  sequence  of  events. 
The  SABRELLA  model  depicts  an  operational 
perspective  of  these  human  performance  issues 
(detractors,  supporters,  augmentors)  and  the  subsets  of 
situational  awareness  that  the  pilot  wishes  to  preserve. 
In  a  great  majority  (86%)  of  F-16  Class  A  mishaps  with 
operator  factor  cited,  degradation  of  some  aspect  of 
situational  awareness  is  causal. 


An  approach  to  investigate  these  mishaps  and  a  program 
to  reduce  their  frequency  must  focus  on  the  root  causes 
of  pilot  performance  degradation.  The  discussion 
presented  here  focuses  on  attention  and  awareness  skills 
that  if  improved  should  enhance  pilot  performance  and 
reduce  mishap  tendencies.  All  of  the  G-LOC  and  loss 
of  control  mishaps  could  have  been  avoided  with 
fundamental  enhancement  of  physiological,  aircraft 
performance  and  psychological  awareness.  The 
'SA/SDO'  and  midair  mishaps  are  more  complex,  but 
would  also  benefit  from  fairly  modest  enhancement  of 
tactical  awareness  skills  and  task  execution  skills. 

The  Tactical  Air  Command’s  AAAMP  program  is  only 
one  of  several  attention  and  awareness  management 
concepts  currently  being  implemented  around  the  globe. 
The  airlines  have  a  similar  program  that  focuses  largely 
on  task  management  for  multiplace  cockpits  without 
tactical  considerations.  Hopefully  over  the  next  few 
years  these  programs  and  concepts  will  mature  and 
provide  the  pilot  with  improved  cockpit  attention  and 
awareness  skills  that  will  reflect  itself  in  a  reduced 
mishap  rate. 
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1  INTRODUCTION 

Investigation  reports  irom  F-16  mishaps  in  the 
Royal  Norwegian  Air  Force  have  been  studied. 

In  order  to  evaluate  and  improve  the  human  factor 
information  contained  in  the  written  records  of  F- 
16  mishaps,  we  have  examined  all  information 
available  in  the  Royal  Norwegian  Air  Force  for  a 
ten  year  period,  1981  to  1990. 

2  F-16  OPERATIONS  IN  NORWAY 

2.1  Environment 

Norway  is  a  long  and  narrow  country.  The  northern 
part  is  not  much  more  than  a  coastline,  behirvd 
which  mountains  rise  to  an  altitude  of 
approximately  6000  feet.  The  Qords  cut  deep 
inland. 

Neighbouring  countries  are  Sweden,  Finland  and 
Russia. 

The  climate  is  rough  with  cold  winters  and  strong 
winds.  For  most  of  the  year,  operations  are 
frequently  restricted  due  to  fog,  white-out 
conditions,  powerful  crosswinds  and  slippery 
runways.  Weather  conditions  may  change  rapidly. 

Power  lines  represent  a  special  hazard,  even  at  high 
altitudes. 

2.2  Mission 

The  RNoAF  (Royal  Norwegian  Air  Force)  operates 
the  F-16  in  air  defence,  and  recently,  also  in  the 
anti-sea  inva.sion  role. 


2.3  Total  hours  flown 

For  the  RNoAF,  this  amounts  to  somewhere 
between  100  000  and  150  000  hours. 

3  MISHAP  DATA 

3.1  Lost  aircraft 

Until  March  1992,  the  RNoAF  has  lost  a  total  of 
13  F-16s.  Of  these,  12  were  lost  in  flight  related 
mishaps,  including  1  bird  strike,  2  engine  failure 
and  9  human  factor. 

Of  the  9  aircraft  lost  in  human  factor  related 
mishaps,  3  were  mid-air  collisions,  4  controlled 
flight  into  terrain,  1  G-induced  loss  of  conscious¬ 
ness  and  1  other. 

Of  the  3  mishaps  not  related  to  human  factors, 
none  were  fatal. 

Of  the  9  mishaps  related  to  human  factors,  6  were 
fatal. 

3.2  Comparative  mishap  data 

The  loss  rate  per  100  000  flight  hours  by  the  end  of 
1991.  amounts  to  9,2  for  Norway,  10,8  for  the 
European  Air  Forces  (Belgium,  the  Netherlands, 
Denmark  and  Norway),  and  5,0  for  the  USAF. 

However,  when  passing  1(X)  000  flight  hours, 
Norway  had  a  loss  rate  of  11,5  ,  the  same  as  the 
USAF,  whereas  the  average  for  tlw  European  Air 
Forces  was  20. 
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4  METHOD 

Investigation  reports  from  RNoAF  F-16  mishaps 
for  a  ten  year  period,  1981  to  1990,  have  been 
reviewed. 

Initially,  33  reports  were  obtained.  Of  these,  13 
were  excluded  because  of  lack  of  human  factor 
data. 

The  material  thus  consists  of  20  reports;  6  from 
investigation  officers  and  14  from  full  boards  of 
investigation. 

Reports  available  include  fatal  and  non-fatal,  major 
and  minor  mishaps,  as  opposed  to  the  figures  of 
aircraft  losses  above. 

The  human  factor  data  in  each  report  have  been 
evaluated.  The  following  questions  have  been 
asked: 

What  were  the  human  factor  investigators 
asked  to  look  for? 

What  methods  ("tools")  were  available  to 
them? 

What  was  obtained  from  the  investigation? 
What  recommendations  concerning  human 
factors  were  made? 

5  RESULTS 

5.1  Evaluation  of  results 

This  limited  material  does  not  permit  a  statistical 
analysis. 

In  the  following,  ftndings  in  the  reports  are 
presented  and  evaluated  according  to  the  experience 
and  personal  views  of  the  authors. 

5.2  What  were  the  hunun  factor  investigators 
asked  to  look  for  ? 

Two  kinds  of  questions  come  in  this  category; 
Firstly,  questions  as  to  the  cause  of  the  accident. 
Secondly,  other  important  human  faaor 
considerations. 

The  most  common  questions  regarding  human 
factor  causes  were: 

Can  any  source  of  lack  of  concentration  be 
detected? 

Is  there  any  evidence  of  pre-existing  illness? 


Was  there  a  probability  for  loss  of 
consciousness,  medical  or  physiological? 

May  any  reason  for  reduced  visual 
performance  be  determined? 

Other  typical  human  factor  questions  were: 

How  can  the  pilot's  injury  be  explained? 

Why  did  the  pilot  lose  his  helmet? 

Why  did  not  the  pilot  try  to  eject? 

S3  What  methods  ("tools")  were  available? 

The  interview  is,  of  course,  central  in  human  factor 
investigation.  Interviewed  persons  range  ftom 
mishap  pilot  (if  alive)  to  relatives,  mates,  unit 
commanders,  eye  wimesses  etc. 

Other  classical  investigation  methods  include 
physical  examination,  blood  and  urine  sampling  and 
autopsy  -  when  applicable. 

Other  sources  of  information  are: 

Taped  communication 
Video  tapes 

Reports  on  weather  conditions 

Pilot  manuals,  check  lists,  maps  and  other 

published  material 

Simulator  set-up  of  the  flown  mission 
Actual  reflying  of  the  mission 
Seat  Data  Recorder  readout 

5.4  Answers  given  by  investigators  of  human 
factors 

No  mishaps  have  been  proven  to  be  caused  by  pre¬ 
existing  disease,  neither  have  alcohol,  drugs  nor 
self  -  medication  been  faaors. 

Typical  answers  given  by  the  investigators  were: 

Loss  of  Situational  Awareness 
(Channelized  attention 
Spatial  disorientation 
"CJot-it-done-itis" 

Overconfidence 

Lack  of  continuation  in  flying 

Lack  of  sleep 

Among  these,  the  most  frequent  were:  Lack  of 
continuation  in  flying,  got-it-done-itis  and 
channelized  attention. 
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5.5  Recommendations  concerning  human 
factors,  regarding  cause  of  mishap 

Typical  recommendations  were: 

Better  maps  and  briefing  guides,  better 
briefings 

More  consistent  enforcement  of  Rules  Of 
Engagement 

Better  respect  for  Low  Flying  Regulations 
More  effective  anti-G  systems,  compulsory 
centrifuge  training,  G-warm-up  turns,  more 
aeromedical  education 

Further  stressing  of  the  hazards  of  changes  in 
normal  procedures,  when  transiting  to  new 
aircraft 

Change  in  regulations  to  cover  mles  for 
continuity  in  night  flying 

5.6  Other  human  factor  recommendations 

These  refer  almost  exclusively  to  better  life  support 
equipment  and  better  training  for  its  use. 

6  RECOMMENDATIONS  FOR  IMPROVED 
HUMAN  FACTOR  INVESTIGATION 

6.1  The  flight  safety  potential. 

In  the  RNoAF,  the  question  of  whether  mishap 
investigation  is  to  be  performed  by  an  investigation 
officer,  or  by  a  full  board  of  investigation,  is 
essentially  determined  by  the  cost  of  damage  repair. 
The  authors  feel  that  the  flight  safety  potential  of 
the  mishap  would  be  a  better  determinator. 

6.2  Reconstruction 

Reconstruction,  that  is,  piece-to-piece 
reconstruction  of  the  events  leading  up  to  the 
mishap,  always  proves  extremely  valuable.  Some  of 
the  best  tools  are  simulator  set-up  and  actually 
reflying  the  mission. 


6.3  The  video  tape 

The  video  tape  in  the  F- 16  is  too  short  to  record  a 
whole  mission.  Therefore,  the  camera  is  switched 
on  and  off  to  cover  the  more  interesting  parts  of  the 
mission.  Unfortunately,  the  camera  all  too  often 
has  not  been  turned  on  at  all,  or  has  been  turned 
off  just  prior  to  the  mishap.  Therefore,  potentially 
very  valuable  information  is  never  recorded.  From 
an  investigation  point  of  view,  the  camera  system 
in  the  F- 16  should  be  modified  to  permit  recording 
of  an  ordinary  mission  from  start  of  the  engine  to 
shut-down. 

6.4  The  mechanism  of  error 

Human  factor  investigators  search  meticulously  to 
document  blood  analyses,  meal  habits  and  sleep 
patterns.  Reconstruction  and  interpretation  of  more 
intricate  mechanisms  of  error  (for  example,  what 
makes  a  pilot  choose  his  landing  gear  handle  up 
when  what  he  should  have  done,  was  to  give  full 
throttle)  is  often  less  satisfactory. 

6.5  Sociopsychological  considerations 
Sociopsychological  considerations  are  more  often 
than  not,  poorly  documented  in  the  reports.  The 
information  provided  by  full  boards  of  investigation 
including  a  flight  surgeon,  is  only  marginally  better 
than  that  obtained  by  investigation  officers.  Better 
standardization  in  this  area  of  documentation,  is 
highly  desirable. 

6.6  The  forgotten  mechanic 

Our  interest  in  human  factors  and  errors  seems  by 
definition  to  stop  at  the  aircrew.  Whenever  a 
technician  or  other  ground  personnel  exercises  poor 
Judgement  or  makes  a  faulty  decision,  we  do  not 
perform  a  proper  human  factor  investigation,  just 
label  any  finding  as  "maintenance  error"  or  similar. 
Maybe  this  is  a  new  area  of  interest  for  our  human 
factor  concerns,  both  in  mishap  investigation  and  in 
prevention. 
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SUMMARY 

The  Belgian  Air  Forces  are  flying  on  F-16 
since  1979;  a  review  of  all  the  class  A 
mishaps  is  realized. 

This  global  study  point  out  a  particular 
human  factor  that  could  not  be  find  in  a 
single  analysis  of  each  mishap. 

RESUME 

La  Force  Aerienne  Beige  utilise  le  F-16 
depuis  1979;  une  revue  globale  de  tous 
les  accidents  de  categorie  A  a  etc  rea- 
1 isee . 

Cette  etude  fait  apparaitre  un  facteur 
humain  particulier  qui  ne  pouvait  etre 
mis  en  evidence  par  1 ' analyse  isolee  de 
chacun  des  accidents. 

INTRODUCTION 

L'objet  de  cet  expose  est  de  vous  presen¬ 
ter  une  synthese  des  accidents  F-16  de 
categorie  A  survenus  a  la  Force  Aerienne 
Beige;  je  pense  posseder  une  bonne  con- 
naissance  des  dossiers,  ay?nt  ete  con- 
seiller  medical  du  Service  d'Enquete  de 
1975  a  1990. 

Les  donnees  chiffrees  qui  vont  vous  etre 
communiquees  constituent  les  statistiques 
officielles  de  mon  pays  tandis  que  le 
commentaire  qui  les  accompaqne  comporte 
des  considerations  qui  ne  representent 
pas  necessairement  le  point  de  vue  offi- 
ciel  de  la  Force  Aerienne. 


La  Force  Aerienne  Beige  a  connu  21  acci¬ 
dents  F-16  de  categorie  A  entre  1979, 
annee  de  reception  des  premiers  avions  de 
ce  type,  et  fin  19il. 

Ces  accidents  ont  entraine  la  perte  de  24 
F-16;  ils  ont  cause  la  mort  de  dix  pilotes 
et  d ' un  mecanicien. 

TAUX  D’ ATTRITION 


Au  31  decembre  1991,  les  F-16  beiges  qui 
sont  repartis  en  trois  Wings  a  deux  Esca- 
drilles  chacun,  avaient  vole  un  total  de 
165.000  heures . 

Le  taux  d' attrition  qui  exprime  le  norabre 
d'avions  detruits  par  10.000  heures  de 
vol,  permet  certaines  comparaisons . 


^9  l»  tl  SZ  13  84  8  S  86  87  88  89  98  91 


CATEGORIE  A 

En  Belgique,  un  accident  est  categorise  A 
quand  1 ' avion  est  perdu  -  qu'il  soit  de- 
truit,  disparu,  inaccessible  ou  encore 
irreparable  economiquement  parlant  -  et/ 
ou  bien  quand  une  personne,  membre 
d' equipage  ou  non,  y  trouve  la  mort. 

BILAN  GLOBAL  DES  PERTES 


■  49  9-  16 

CLASS  4  MISHAFS  :  '79- ’91 
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Ainsi  le  taux  annuel  d'attrition  de  la 
Force  Aerienne  Beige  a  ete  superieur  a  2 
de  1980  a  1983,  s'est  situe  entre  1  et  2 
de  1984  a  1989  pour  devenir  inferieur  a 
1  en  1990  et  1991. 
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Le  taux  cumulatif  d'attrition  qui,  chaque 
annee,  integre  les  resultats  de  toutes 
les  annees  precedentes,  donne  une  courbe 
de  tendance:  la  courbe  beige  est  haut 
situee  et ,  pour  parler  clairement,  avec 
un  taux  cumulatif  de  1.4,  la  Belgique  est 
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encore  loin,  fin  1991,  des  bons  resultats 
publics  par  d'autres  pays  utilisateurs  du 
F-16.  II  faut  cependant  souligner  que  ce 
type  de  comparaison  doit  etre  pris  avec 
circonspection,  les  particular ites  des 
missions  et  les  conditions  d'environ- 
nement  n'etant  pas  superposables  d'un 
pays  a  1' autre. 

CAUSES  DES  ACCIDENTS 


Les  causes  des  accidents  aeriens  sont 
classiquement  divisees  en  trois  groupes: 

-  les  causes  operationnelles  oil  c'est 
essentiellement  1' equipage  qui  est  impli- 
que  dans  la  genese  de  1' accident. 

-  les  causes  techniques  oil  1' avion,  sa 
maintenance  ou  ses  systemes  sont  priori- 
tairement  a  I'origine  du  sinistre. 

-  et  les  autres  causes,  ce  groupe  reunis- 
sant  les  accidents  oil  ni  lea  operations 
ni  la  technique  ne  sont  concernees  de 
maniere  primordiale. 
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Avec  ces  pertes,  surtout  elevees  pendant 
les  toutes  premieres  annees  d ' utilisation 
du  F-16,  le  taux  cumulatif  d' attrition 
technique  se  situe  actueilement  au  niveau 
de  0.4  pertes  d'avion  par  10.000  heures  de 
vol . 
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La  repartition  des  accidents  F-16  de  la 
Force  Aerienne  Beige,  suivant  ce  schema, 
met  en  evidence  que  les  accidents  de 
cause  operationnelle  representent  une 
grosse  moitie  des  sinistres,  qu'ils  sont 
a  I'origine  des  deux  tiers  des  pertes  de 
F-16  et  qu'ils  ont  cause  les  trois  quarts 
des  deces. 

LES  CAUSES  DIVERSES 

Voyons  de  plus  pres  les  trois  groupes 
d' accidents,  en  commengant  par  les  acci¬ 
dents  non  apparentes  aux  operations  ou  a 
I'etat  de  I'avion. 

La  Belgique  en  a  connu  deux: 

-  Le  premier  est  une  collision  avec  un 
oiseau  au  decollage:  toutes  les  nations 
sont  bien  conscientes  de  1' importance  de 
la  lutte  contre  le  peril  aviaire. 

-  Le  second  accident  est  tres  particulier: 
un  mecanicien  s' est  empare  d'un  F-16  qui 
s' est  ecrase  peu  apres  le  decollage. 

LES  CAUSES  TECHNIQUES 

Les  accidents  de  cause  technique,  au  nom- 
bre  de  sept,  se  repartissent  comme  suit: 

-  04  pannes  de  moteur  en  1980,  83,  86  et 
89. 

-  02  bris  de  commande  des  volets  de  bord 
d'attaque,  ces  accidents  ayant  et^ 

mor tels . 

-  et  01  panne  hydraulique  de  train 
d ' attercissaqe . 
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LES  CAUSES  OPERATIONNELLES 

L'attrition  d'origine  operationnelle  a 
ete,  elle,  importante  de  1981  a  1989. 

En  effet  la  perte  de  quinze  F-16  est 
attribuee  a  des  causes  operationnelles 
qui  se  repartissent  comme  suit: 

-  04  pertes  d'avions  en  relation  avec  la 
mission  operationnelle 

-  05  avions  perdus  dans  ce  qu'il  est  con- 
venu  d'appeler  des  vols  contrdles  jusque 
dans  le  terrain 

-  et  06  avions  d^truits  suite  a  des  col¬ 
lisions  en  vol. 

Detaillons  un  peu  cela: 

-  les  04  accidents  en  rapport  direct  avec 
le  vol  se  subdivisent  comme  suit: 

un  arret  moteur  induit  par  le  pilote,  une 
ejection  sur  desorientation  spatiale,  une 
panne  moteur  consecutive  a  un  atterris- 
sage  trop  brutal  et  une  perte  de  controls 
du  fait  du  pilote. 

-  Les  05  vols  controles  jusque  dans  le 
terrain  se  sont  soldes  par  le  deces  des 
cinq  pilotes.  Deux  sont  morts  dans  la 
collision  de  leurs  avions  avec  le  sol  au 
cours  d'une  meme  approche  dans  de  mau- 
vaises  conditions  meteorologiques ;  les 
trois  autres  se  sont  ecras^s  suite  a  des 
changements  non  intentionnels  du  vecteur 
de  leur  avion,  consecutifs  a  la  perte  du 
jugement  correct  de  la  situation. 

-  quand  aux  06  avions  d^truits  lors  des 
collisions  en  vol,  quatre  F-16  I'ont  4te 
dans  deux  collisions  a^riennes  en  combat 
simul4,  I'une  en  1982  et  I'autre  er  1983, 
un  F-16  a  ^t^  perdu  lors  d'une  collision 
entre  avions  de  deux  formations  diffe- 
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rentes  et  un  autre  suite  a  un  manque  de 
discipline  en  vol . 
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Avec  un  tel  nombre  d' accidents,  le  taux 
cumulatif  des  pertes  operationnelles  ne 
peut  qu'etre  eleve:  il  s'etablit  actuel- 
lement  a  0.9  F-16  par  10.000  heures  de 
vol . 
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En  1989,  ce  taux  se  situait  a  1.2  et  la 
courbe  avait  pris  une  allure  ascendante, 
ce  qui  n'etait  plus  arrive  dep'us  1983! 

Une  analyse  des  dossiers  a  permis  alors 
de  mettre  en  evidence  un  probleme  parti- 
culier,  propre  a  une  seule  Escadrille,  a 
savoir  une  serie  d' accidents,  entre  1985 
et  1989,  caracterises  par  1 ' intrication 
de  manquements  en  matiere  de  respect  des 
regies  ou  instructions  (reaction  non  ide- 
ale  du  pilote,  non  respect  des  limitations 
de  vol',  en  matiere  de  prudence  (manoeu¬ 
vre  dangereuse,  non  utilisation  de  tous 
les  moyens  disponibles  pour  assurer  la 
securite  en  vol)  et/ou  en  matiere  de 
supervision  (mission  dont  la  difficulte 
excedait  les  capacites  d ' un  jeune  pilote, 
absence  de  prise  en  consideration  d ' un 
manque  d ' entralnement  recent). 

Des  mesures  ont  ete  prises  pour  modifier 
la  mentalite  au  sein  de  cette  unite,  avec 
succes  remble-t-il,  puisque,  grSce  aux 
annees  1990  et  1991  sans  aucun  accident, 
la  Force  Aerienne  Beige  rejoint  progres- 
si  enent  le  taux  cumulatif  d' attrition 
des  autres  pays  europeens  utilisateurs 
du  F-16. 

COMMENTAIRES 

Ce  bilan,  sans  complaisance  puisqu'il 
porte  sur  toutes  les  pertes  d'avion 
durant  toutes  les  annees  d ’ u t il isat ion 
du  F-16,  merite  quelques  commentaires : 


-  Prime,  le  fait  d'avoir  ete  la  premiere 
nation  en  Europe  a  utiliser  le  F-16  expli- 
que ,  au  moins  part iellement ,  les  pertes 
elevees  des  premieres  annees,  qu'eUe^ 
soient  operationnelles  ou  techiniques. 

Ainsi  les  deux  collisions  en  combat  siraule 
trouvent-elles  leur  origine  dans  les 
changements  non  previsibles  de  trajec- 
toires  rendus  possibles  par  1 ' hypermania- 
bilite  des  F-16  ;  ce.s  performances  etaient 
absolument  nouvelles  a  I'epoque. 

De  meme  e’est  en  Belgique,  en  1981,  que  le 
bris  d'une  commande  de  volets  a  ete 
constate  pour  la  premiere  fois. 

La  perte  de  ces  cinq  avions  explique  le 
taux  eleve  d' attrition  des  premieres 
annees  qui  se  repercute  evidemment  encore 
dans  le  taux  cumulatif  d ‘ au jourd ' bui . 

-  Secundo,  apres  avoir  constate  a  plu- 
sieurs  reprises  que  des  facteurs  humains 
d' accidents  pouvaient  se  trouver  bien  loin 
du  pilote  et  de  1’ avion,  la  Force  Aerienne 
Beige  a  reussi  a  convaincre  son  personnel 
que  la  securite  aerienne  etait  vraiment 

1' affaire  de  tous. 

-  Tertio,  et  e'est  le  point  essentiel,  il 
n’etait  pas  evident  au  depart  d' identifier 
une  mentalite  comme  cause  commune  a  plu- 
sieurs  accidents,  par  ailleurs  tres  diffe- 
rents . 

RECOMMANDATION 


De  reirospectif ,  ce  type  d' analyse  doit 
maintenant  devenir  prospectif  en  consi- 
derant  les  accidents  de  categorie  B  et  C 
comme  un  barometre  de  la  situation;  en 
effet  la  difference  entre  un  accident  mi- 
neur  et  un  accident  majeur  reside  unique- 
ment  dans  les  consequences,  la  cause  pou- 
vant  en  etre  la  meme. 

CONCLUSION 
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En  conclusion,  il  s'avere  que  bien  peu 
d’accidents  sont  purement  fortuits;  e'est 
dire  que  le  hasard  et  la  chance  n'ont  pas 
de  place  en  matiere  de  securite  aerienne. 
Bien  sQr  une  aviation  sans  accident 
n'existera  jamais  puisque  le  vol  n’est 
pas  sans  risques,  toutefois  il  convient 
de  n’ accepter  que  les  risques  justifies 
par  1 ’ accompl issement  de  la  mission, 
seule  raison  d'etre  d’une  Force  Aerienne. 
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RESUME 

Le  bilan  des  accidents  aeriens 
dans  I'Armee  de  I'Air  Frangaise  a 
porte  sur  la  periode  1977  -  1990.  Au 
cours  de  cette  periode,  des  avions  de 
combat  de  nouvelle  generation  ont 
ete  mis  en  service  sans  qu'il  ait  ete 
observe  de  variation  importante  du 
nombre  d' accidents  aeriens  bien  que 
le  taux  d' accident  pour  ’0  000 
heures  de  vol  paraisse  plus  61eve  sur 
les  aeronefs  nouveaux.  Le  facteur 
humaln  reste  la  cause  principale  des 
accidents  aeriens  dans  la  categoric 
combat  mais  semble  etre  moins 
frequemment  implique  avec  les 
aeronefs  de  nouvelle  generation.  La 
mortalite  au  cours  des  accidents  de 
combat  tendrait  d  decroitre 
regulierement  depuis  1987. 


L'ameiioration  de  la  securite  des 
vols  revet  un  caractere  particu- 
lierement  important  en  aeronautique. 
L’Etat  Major  de  I’Armee  de  I’Air 
accorde  une  impor’ince  capitale  aux 
enquetes  sur  les  accidents  aeriens 
militaires  dans  le  but  de  determiner 
leurs  causes  et  de  minimiser  leur 
frequence  grAce  aux  enseignements 
tirei>  de  ces  enquetes. 

II  faut  entendre  par  accident 
aerien,  selon  la  definition  de 
r  Instruction  IV.25  de  I'Armee  de 
I’Alr  qui  reprend  celle  de  I'OACI, 
tout  accident  survenu  en  vol. 


entre  le  lacher  des  freins  au 
decollage  et  le  degagement  normal  de 
la  piste  A  I'atterrissage,  ayant 
entraine  la  destruction  Je  I'aeronef 
et/ou  la  mort  Vun  des  membres  de 
1' equipage. 

Ce  travail  a  ete  effectue  sur  la 
periode  1977-1990.  II  complete  un 
travail  anterieur  (OSSARD  et 
MARTEL  1990)  qui  avait  souligne  la 
predominance  des  accidents  aeriens 
dans  r  aviation  de  combe' t  par  rapport 
aux  autres  categories  operationnelles. 
Au  cours  de  la  demiere  decennie  ont 
ete  mis  en  service  des  avions  dits  de 
"nouvelle  generation"  qui  apportent 
des  procedures  de  pilotage  differentes 
de  celles  des  aeronefs  anterieurs. 
Grace  A  1' utilisation  des  calculateurs 
de  bord,  e’est  I'energie  des  appareils 
qui  est  pilotee  au  cours  de  leurs 
evolutions.  De  plus,  les  systemes  de 
visualisation  en  tete  haute  occupent 
une  place  importante  dans  les  tSches 
de  pilotage.  En  outre,  1' utilisation  de 
commandes  de  vol  eiectriques  sur 
Mirage  2000  a  radicalement  nodifie 
les  conceptions  classiques  de  pilotage. 

I)  etait  done  particulierement 
important  d'evaluer  "'nfiuence  de 
cette  nouvelle  gener-  -  1' avions  de 
combat  sur  les  accidents  a6riens. 

La  raise  en  service  de  ces 
aferonefs  nouveaux  remonte  A  1982 
pour  ie  Mirage  FICR  et  le  Mirage 
2000C  et  B,  et  1986  pour  le  Mirage 
2000N.  II  faut  toutefois  tenir  compte 
du  fait  qu'il  s'^coule  en  g6n6ral  deux 
ann6es  entre  la  raise  en  service  d'un 
appareil  nouveau  et  le  6but  de  son 
utilisation  avec  un  volume  d'activit6 
op^raiionnel.  De  plus,  ce  volume 
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d'activit^  augmente  progressivement 
sur  une  p^riode  de  trols  ans  avant 
d'atteindre  le  niveau  op6rationnel 
optimal. 

BILAN  EPIDEMIOLOGIQUE  DES 
ACCIDENTS  AERIENS  MILITAIRES 
DE  1977  A  1990. 

Les  principaux  facteurs  permet- 
tant  d'evaluer  le  bilan  6pidemio- 
logique  des  accidents  a6riens  sont 
leur  frequence,  leurs  causes  et  leurs 
consequences  au  niveau  des  pertes 
humaines.  Nous  aborderons  globale- 
ment  chacun  de  ces  trois  aspects  sur 
la  p^riode  1977-1990  puis  nous 
distinguerons  les  p6riodes  ant6rieure 
et  posterieure  6  I'annee  1982  au 
cours  de  laquelle  ont  et6  mis  en 
service  les  premiers  a6ronefs  de 
nouvelle  generation. 

1.  Frequence  des  accidents  a^riens  : 

1.1.  Frequence  relative  : 

De  1977  e  1990  I’Etat-Major  de 
I'Armee  de  I'Air  Franqaise  a 
denombre  210  accidents  aeriens  pour 

5  617  312  heures  de  vol.  Cette 
activite  aerienne  se  repartissait  entre 
1' aviation  de  combat  pour  36  %  , 
I 'aviation  d'ecole  (incluant  la 
Patrouille  Acrobatique  de  France) 
pour  32  %  ,  le  transport  aerien  pour 
24  %  et  I'activite  heiicopteres  pour 

6  %  ,  le  reliquat  (2  %)  concernant 
des  activites  diverses  telles  que  les 
sports  aeriens  ct  ie  vol  e  voile 
(Fig.  L).  Durant  cette  perlode,  la 
proportion  d' accidents  pour  chaque 
categorie  operatlonnelle  a  ete  de 
72  %  pour  1' aviation  de  combat,  20  % 
pour  I'aviation  d'ecole,  2  %  pour  le 
transport  aerien  militaire,  5  %  pour 
I'activite  des  heiicopteres  et  1  % 
pour  le  reste  de  I'activite.  II  existe 
done,  en  premiere  analyse,  une  nette 
prevalence  des  accidents  dans  la 
categorie  combat  avec  plus  de  2/3 
des  accidents  aeriens  alors  que 
I'activite  aerienne  correspondante 
depasse  legerement  1/3  de  I’activite 
globale. 

II  n’ existe  pas  de  difference  dans 
la  repartition  des  accidents  aeriens 


par  categories  operationnelles  entre 
les  periodes  anterieure  et  posterieure 
e  1982  (73  %  d'accidents  de  combat 
et  20  %  d'accidents  en  ecole  de  1977 
e  1981  centre  72  et  21  %  dans  ces 
categories  respectives  apres  1982). 

Depuis  1982,  130  accidents 

aeriens  ont  concerne  la  categorie 
combat  dont  13  %  pour  les  avions  de 
nouvelle  generation.  Mais  si  Ton  ne 
considere  que  la  periode  d' activite 
operatlonnelle  ayant  debute  en  1985 
pour  le  Mirage  FICR  et  le  Mirage 
2000  B/C  et  en  1988  pour  le  Mirage 
2000N,  79  accidents  aeriens  ont  ete 
recenses  dont  21  %  pour  les  aeronefs 
de  nouvelle  generation.  Durant  cette 
periode,  I'activite  aerienne  sur  ces 
appareils  representait  20  %  de 

I'activite  de  I'aviation  de  combat  ce 
qui  montre  un  certain  paralieiisme 
entre  le  volume  d' activite  et  la 
proportion  d'accidents  avec  les  avions 
de  nouvelle  generation.  Le  Mirage 
FICR  a  ete  I'appareil  le  plus  souvent 
implique  dans  ces  accidents.  En  effet, 
il  a  ete  implique  dans  53  %  des 
accidents  d' aeronefs  de  nouvelle 
generation  pour  une  activite 
operatlonnelle  qui  ne  representait  que 
39  %  de  I'activite  de  ces  appareils. 

1.2.  Taux  d' accident  : 

Pour  evaluer  la  frequence  des 
accidents  aeriens  de  maniere 
comparative  d'une  annee  sur  1' autre, 
leur  nombre  est  rapporte  au  volume 
de  I'activite  aerienne.  Le  taux 
d' accident  represente  le  nombre 
d'accidents  pour  10  000  heures  de 
vol. 

De  1977  e  1990,  le  taux  annuel 
d'accident  (moyenne  ±  SE),  toutes 
categories  confondues,  a  fluctue  sans 
tendance  nette  autour  d'un  taux  de 
0.37  t  0.08  (Fig.  2.).  Durant  cette 
p6riode,  les  taux  d'accident  (moyenne 
±  SE)  sont  les  plus  eiev6s  pour  les 
categories  combat  (0.74  ±  0.20)  et 
ecole  (0.24  t  0.13).  Les  taux 
d’accident  de  la  categorie  combat 
sont  nettement  sup6rieurs  au  taux 
general  alors  que  le  phenomene 
inverse  est  observe  pour  la  categoric 
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6cole,  exception  faite  de  I'ann^e 
1980. 

II  n’est  pas  retrouv6  de  variation 
importante  du  taux  moyen  d' accident 
dans  la  cat^gorie  combat  depuis  la 
mise  en  service  des  Mirage  FICR  et 
2000  (0.76  ±  0.19  avant  1982  ; 

0.72  ±  0.20  apr6s  1982). 

L'6volution  des  taux  d'accident 
pour  chacun  de  ces  a6ronefs  a  6t6 
6tudi6e  (Fig.  3.).  Pour  les  a6ronefs 
de  nouvelle  gen6ration,  ii  1' exception 
du  Mirage  2000B  qui  n'a  6t6  impliqu6 
dans  aucun  accident  jusqu’en  1990, 
ce  taux  est  nul  au  cours  des 
premieres  ann^es  de  leur  mise  en 
service  puis  se  positive  ensuite,  la 
latence  6tant  de  trois  ans  pour  le 
Mirage  2000C,  4  ans  pour  le  Mirage 
2000N  et  5  ans  pour  le  Mirage  FICR. 
II  n'existe  pas  de  variation  homog6ne 
de  ces  taux  d'accident  depuis  la  mise 
en  service  des  avions  de  combat  de 
la  nouvelle  g6n6ration.  II  faut 
toutefois  souligner  le  fait  que  les 
taux  d' accidents  des  a6ronefs  de  la 
nouvelle  g6n6ration  sont  tr6s 
sup^rieurs  d  ceux  de  la  cat6gorie 
combat  consid6r6e  globalement  depuis 
1982. 

2.  Causes  des  accidents  a6riens  : 

2.1.  Bilan  g6n6ral  ; 

De  1977  ^  1990  I'imputabilitfe  des 
accidents  a6riens  toutes  categories 
confondues  se  r6partissait  de  faqon 
suivante  :  facteur  humain  63  %,  cause 
mlxte  ou  le  facteur  humain  prenalt 
part  6  %,  cause  technique  21  %, 
environnement  5  %  et  ind6termin6e 
dans  5  %  des  accidents  (Fig.  4.). 

Sur  cette  periode,  59  %  des 

accidents  de  combat  sont  dOs  au 
facteur  humain  contre  74  %  pour  la 
categorie  ecole.  La  proportion 
d 'accidents  dOs  au  facteur  humain 
dans  la  categorie  combat  fluctue  de 
faqon  importante  d'une  annfee  d 
1' autre  (Fig.  5.). 


anterieure  et  post6rieure  e 
r  introduction  des  appareils  de 
nouvelle  g6n§ration.  Toutefois,  si  Ton 
ne  retient  que  les  accidents  ayant 
impliqufe  des  appareils  de  nouvelle 
g6n6ration  (Fig.6.),  seulement  53  % 
des  accidents  ont  6t6  imputes  au 
facteur  humain,  6  %  d  une  cause 
mixte  (humaine  et  technique),  23  %  h 
une  cause  technique  et  18  %  d 

1' environnement  (collision  aviaire  et 
foudroiement). 

Le  facteur  humain  pr6donine  done 
largement  en  tant  que  cause 
principale  mais  il  semble  intervenir 
moins  frfequemment  sur  les  aferonefs 
de  combat,  en  particulier  sur  les 
appareils  de  nouvelle  generation. 

II  faut  noter  que  le  facteur 
humain  intervient  6galement  en  tant 
que  facteur  secondaire  souvent 
aggravant  dans  les  causes  dites 
mixtes.  II  serait  done  implique  dans 
68  %  des  accidents  de  1977  e  1990  et 
dans  59  %  des  accidents  sur  les 
aeronefs  de  nouvelle  generation  de 
1982  e  1990.  II  est  possible  que  le 
facteur  humain  ait  egalement  ete 
responsable  d' accidents  aeriens  dont 
I'imputabilite  n'a  pu  etre  determinee. 

L' importance  du  facteur  hiunain 
dans  le  risque  d'accident  aerien  a 
ete  evalue  en  fonction  du  volume  de 
I'activite  operationnelle.  Le  taux 
d' accidents  impu  tables  au  facteur 
humain,  toutes  categories  opera- 
tionnelles  confondues,  a  fluctue,  de 
1977  e  1990,  autour  de  0.25  ±  0.09 
accident  pour  10  000  heures  de  vol. 
Depuis  1987,  ces  taux  d' accidents 
lies  au  facteur  humain  semblent 
decroitre  regulierement  (Fig.  7).  Les 
taux  d' accidents  Imputables  au 
facteur  humain  dans  la  categorie 
combat  fluctuent  paralieiement  aux 
taux  globaux  toutes  categories 
confondues  mais  restent  toutefois 
nettement  superieurs  (0.43  ±  0.15 
accident  pour  10  000  heures  de  vol). 


II  n'existe  pas  de  difference 
sensible  dans  la  repartition  des 
causes  d'accident  entre  les  periodes 


2.2.  Facteur  humain  : 

En  raison  de  la  preponderance  du 
facteur  humain  d^  les  causes 
d'accident  aeriens,  il  etait  important 
d'essayer  de  preciser  la  nature  de  ce 
facteur. 

Lorsque  le  facteur  humain  a  ete 
implique,  il  ne  s'agissait  jamais  d'une 
cause  pathologique.  Parmi  les  causes 
physiologiques,  il  n'a  pas  ete 
retrouve  de  pertes  de  connaissance 
liees  aux  accelerations  avec  les 
avions  de  nouvelle  generation.  Un 
seul  cas,  sur  Mirage  2000  evoque  un 
facteur  de  charge  de  5.6  +Gz  sans 
qu’il  ait  ete  possible  de  savoir  si  le 
pilote  avait  perdu  connaissjmce.  Le 
facteur  humain  le  plus  souvent 
evoque  est  la  desorientation  spatiale. 
Il  faut  toutefois  noter  que  cette 
denomination  avancee  dans  certains 
dossiers  d'enquete  semble  etre 
utilisee  pour  caracteriser  des 
situations  qui  depassent  le  cadre  de 
mdcanismes  physiologiques  purement 
sensoriels.  En  effet,  dans  ces  cas, 
intervient  une  mauvaise  interpretation 
de  revolution  de  I'appareil. 

3.  Pertes  humaines  : 

De  1977  e  1990,  la  proportion 
d' accidents  aeriens  mortels  est  de 
46  %  ,  dont  30  %  en  combat  et  12  % 
en  ecole.  La  comparaison  des  periodes 
1977-1981  et  1982-1990  montre  qu'il 
n'existe  pas  de  difference  sensible  de 
la  proportion  d'accidents  mortels 
depuls  r  introduction  d’avions  de 
nouvelle  generation  aussi  bien 
globalement  que  par  categories. 
Depuis  1*  introduction  des  avions  de 
nouvelle  generation,  38  accidents 
aeriens  mortels  ont  6te  recenses  dans 
r  aviation  de  combat  dont  4  sur  les 
avions  de  nouvelle  generation  (2  sur 
Mirage  FICR  et  2  sur  Mirage  2000). 
La  prcHportion  d'accidents  mortels  sur 
ces  aeronefs  de  nouvelle  generation 
(10.5  %  des  accidents  de  combat)  est 
legerement  inferieure  au  volume  de 
leur  activite  (^rationnelle  (13.2  % 
de  I'activite  de  combat). 

Les  taux  d'accidents  mortels  ont 
fluctue,  toutes  categories  confondues, 


autour  de  0.17  t  0.07  accident  mortel 
pour  10  000  heures  de  vol  (Figure  8). 
Ces  fluctuations  sont  retrouvees  dans 
la  categorie  combat  (autour  de 
0.31  ±  0.15  accident  mortel  pour 

10  000  heures  de  vol)  et  dans  la 
categorie  ecole  (autour  de 

0.14  ±  0.09  accident  mortel  pour 

10  000  heures  de  vol).  Le  risque 
d'accident  mortel  reste  done  plus 
important  dans  la  categoric  combat 
malgre  une  nette  tendance  d  la 
decroissance  depuis  1987. 

DISCUSSION 

La  predominance  des  accidents 
aeriens  dans  1 'aviation  de  combat  est 
coherente  compte-tenu  de  1' aspect 
complexe  des  missions  se  deroulant 
dans  des  conditions  environnementales 
deiicates.  Depuis  la  mise  en  service 
des  avions  de  nouvelle  generation 
dans  I’Armee  de  I’Air  Franchise,  bien 
que  le  taux  d’accidents  dans  la 
categoric  combat  ait  peu  varie,  les 
taux  d'accidents  des  Mirage  FICR  et 
2000  a  ete  plus  important  ce  qui 
suggere  que  le  risque  d'accidents  est 
plus  eieve  sur  ces  appareils  que  sur 
ceux  de  la  generation  anterieure. 

En  fait,  ce  risque  est  difficile  d 
evaluer  pour  deux  raisons  essentielles. 
D'une  part,  il  n'y  a  pas  eu  de 
transition  nette  dans  1' utilisation  de 
ces  deux  types  d' appareils  ce  qui 
biaise  toute  comparaison  globale  ou 
pour  la  categoric  combat  dans  son 
integralite.  D' autre  part,  les  capa- 
cites  operationnelles  des  appareils 
nouveaux  ne  sont  certainement  pas 
utilisees  d'embiee  d  leur  niveau 
maximal.  Par  consequent,  revaluation 
du  risque  d'accidents  avec  les 
aeronefs  de  nouvelle  generation  au 
cours  des  premieres  eumdes  de  leur 
mise  en  service  n'est  peut-dtre  pas 
representative  du  risque  d'accident  d 
long  terme. 

Le  facteur  humain  est  le  plus 
souvent  implique  dans  le  determinisme 
des  accidents.  Il  est  plus 
frequemment  mis  en  cause  dans  les 
accidents  en  ecole  pour  lesquels  il 
joue  un  rdle  preponderant  dans  les 
processus  d'apprentissage.  Il  joue  un 
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r61e  important  dans  les  accidents  de 
combat  mais  parait  etre  16g6rement 
moins  implique  dans  les  accidents 
d'appareils  de  nouvelle  gdnSration 
malgr6  un  niveau  de  charge  de 
travail  accru  sur  ce  type  d'appareil. 

Les  causes  humaines  d' accidents 
n’ont  jamais  6te  li6es  d  des  processus 
pathologiques  ce  qui  souligne  la 
quality  de  la  selection  et  du  suivi 
medical  des  pilotes  dans  le  cadre  du 
contrdle  des  aptitudes.  Des  causes 
purement  physiologiques  telles  que  les 
pertes  de  connaissance  induites  par 
les  accelerations  +Gz  n'ont  pas  ete 
raises  en  evidence  dans  les  accidents 
aeriens  bien  que  le  risque  existe 
comme  tendrait  e  le  demontrer  une 
enquete  anon}nne  realisee  en  1990  par 
le  Bureau  de  Securite  des  Vols  de 
I'Etat  Major  de  I'Armee  de  I'Air.  II 
faut  plutet  s'orienter  vers  des  causes 
psychophysiologiques  dont  la 
principale,  avancee  dans  les  enquetes 
d'accident,  est  la  desorientation 
spatiale.  Cette  cause  est  frequente 
dans  les  statistiques  des  forces 
a6riennes  6trang6res  utilisant  des 
avions  de  nouvelle  g6n6ration.  Les 
travaux  d'ALBERY  et  Van 
PATTEN  1990,  MONTGOMERY  et 
coll.  1990  et  WANSTALL  1990  mon- 
trent  que  la  disorientation  spatiale 
est  d  I'origine  d'une  proportion 
importante  d’accidents  airiens  dans 
I'U.S.  Air  Force.  Dans  la  majoriti 
des  cas,  il  s'agit  d' accidents  dits  de 
type  I,  c'est  d  dire  avec  une  absence 
de  perception  per  le  pilote  de  sa 
disorientation  spetiale  (TRUMBO  et 
MONTGOMERY  1990).  En  fait,  il 
semble  que  le  concept  de  diso¬ 
rientation  ^tiale  au  sens  strict  ne 
reprisente  qu'une  fraction  des 
processus  mis  en  jeu  dans  ce  type 
d'accident.  Dans  ce  type  d'accident, 
il  faut  plutit  considirer  la 
disorientation  du  pilote  sur  le  plan 
^tio-temporel  et  sur  le  plan 
tactique  (MENU  et 

AMALBERTI  1990). 

Les  pertes  humaines  consicutives 
aux  accidents  airiens  dans  T  Annie 
de  I'Alr  Franqaise  se  sont  maintenues 
d  un  niveau  stable  dans  1' aviation  de 
combat  sans  variation  notable  depuis 


r  introduction  des  appareils  de 
nouvelle  giniration.  Ces  appareils 
n’engendrent  done  pas  une 
augmentation  de  ia  graviti  des 
accidents  airiens. 


CONCLUSIONS 

De  1977  d  1990,  malgri  la  raise 
en  service  d' avions  de  nouvelle 
giniration  il  ne  semble  pms  exister 
de  variation  perceptible  de  la 
friquence  des  accidents  airiens  dans 
I'aviation  de  combat  de  I’Armie  de 
I'Air  Frangaise  bien  que  les  taux 
d'accidents  soient  plus  ilevis  avec 
les  avions  de  nouvelle  giniration.  Le 
facteur  humain  reste  la  cause 
princip>ale  des  accidents  au  cours 
desquels  la  disorientation  du  pilote 
est  le  phinomine  psychophysiologique 
le  plus  friquent  sur  ces  aironefs.  Les 
piertes  humaines  au  cours  des 
accidents  ayant  impliqui  les  aironefs 
de  nouvelle  giniration  ont  iti 
sensiblement  riduites  depuis  1987. 


auteurs  remercieot  le  Bureau  de  securite  des  vols  de  I'Etat 
Major  de  rArm^e  de  I'Air  qui  a  autoriae  La  publicatioo  des 
statistiques  de  I'Ann^  de  i'Air  sur  les  accidents  aliens  ainsi 
que  le  Bureau  Securite  des  Vols  du  Centre  d'Etudes  et  de 
Rech^be  de  MMecine  Aerospatiale  pour  ses  conseils  a  propos 
de  la  reaction  du  present  travail. 
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Fig.  1.  Proportion  de  I'activit4  a4rienne  et  du  nombre  d'accidents 
dans  I'Ann4e  de  I'Air  Fran^aise  de  1977  k  1990. 
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Fig.  2.  Distribution  du  taux  d'accidents  a^riens  de  1977  it  1990  dans  I'Ann^e  de  I'Air  Fran^aise. 
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Fig.  6.  Proportion  d'accidents  a^riens  imputables  au  facteur  humain  seui  ou  associ4  b  d'autres  causes 
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Fig.  7.  Evolution  du  taux  d'accidents  a^riens  imputables  au  facteur  humain  toutes 
cat^ories  confondues  et  dans  la  cat^gorie  "combat”  de  1977  k  1990. 
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SUMMARY 

The  authors  reviewed  the  files  of  114  combat  and 
training  aircraft  class  A  mishaps  In  the  Belgian 
Air  Force  during  the  period  from  1970-1990  with 
the  cooperation  of  the  office  of  the  "Belgian 
Accident  Investigation  Board". 

They  searched  for  the  causes  of  these  accidents 
l.e.  Operational  related,  Logistics  related  and 
environmental  factors,  as  well  as  contributory 
factors  which  played  a  role  In  these  mishaps. 

While  considering  the  causes  of  these  accidents, 
they  found  that  71  X  were  operational  related,  22X 
logistics  related  and  7X  were  caused  by  environ¬ 
mental  factors,  such  as  blrdstrlke,  foreign  object 
damage  (FOD)  to  the  engine  and  unknown.  From  the 
23  training  aircraft  lost,  only  one  single  air¬ 
craft  crash  was  caused  by  a  technical  failure. 

The  overall  attrition  rate  for  the  period  was 
1.08/10.000  Aircraft  Hours  (A/C)  hours,  being 
1.43/10.000  for  combat  A/C  and  0.55/10.000  for 
training  A/C.  The  Introduction  of  the  agile  F-16 
fighter  In  the  early  80,  coinciding  with  a  serious 
decrease  of  the  annual  flying  time  and  an 
undermanning  In  terms  of  experienced  pilots  In  the 
squadrons  was  most  probably  responsable  for  the 
negative  trend  In  the  evolution  of  the  annual 
attrition  rate  until  1989. 

Although  the  Belgian  Air  Force  remained  two  years 
without  a  major  accident.  It  must  resolutely 
continue  Its  effort  In  the  field  of  accident 
prevention.  By  extending  the  time  spent  by  air¬ 
crews  In  an  operational  squadron,  supervised  by 
experienced  pilots,  the  Belgian  Air  Force  should 
be  able  to  reduce  class  A  mishaps  In  the  future. 


mTRODUCTIOM 

-  In  the  first  1991  Issue  of  the  Belgian  Air  Force 
flight  safety  magazine  the  Chief  of  Air  Staff 
congratulated  all  Air  Force  personnel  for  the  fact 
that  1990  had  been  the  first  year  In  Belgian 
military  aviation  history  without  a  single  class 
"A"  mishap.  This  was  In  sharp  contrast  with  the 
actions  which  had  to  be  taken  a  few  years  earlier. 
At  that  time  and  after  a  dramatic  series  of  air¬ 
craft  accidents,  the  Chief  of  Air  Staff  had  to 
order,  amongst  other  measures; 

-  special  regulations  for  flights  abroad, 

-  Iqiortant  changes  In  the  command  and  control 
procedures , 

-  and  a  semastrlal  safety  reflection  day  In  all 
squadrons  and  at  all  command  levels. 

In  order  to  encourage  actions  and  Initiatives 
to  stop  entirely  or,  at  least,  reduce 
significantly  this  very  high  accident  rata. 
Since  than,  on  20  Dec  1991,  the  Belgian  Air  Force 
celebrated  Its  second  "class  A  mishap  free" 
anniversary. 

-  To  maintain  the  Air  Force's  professional 
capability  at  the  highest  possible  level  as  an 
important  tool  In  defensive  and  offensive  air 


operations,  its  pilots  must  be  able  to  train 
Intensively  In  a  realistic  environment.  Such 
training  implies  a  permanent  accident  risk,  and  It 
remains  a  continuous  challenge  to  find  the  proper 
balance  between  flying  operationally  and 
flying  safely.  Bearing  this  in  mind,  one  of  the 
highest  priorities  of  Chief  of  Air  Staff  is  to 
reduce  aircraft  losses  as  much  as  possible,  and 
this  for  several  reasons; 

-  Firstly,  all  too  often,  we  have  to  deplore  the 
loss  of  lives  of  highly  trained  and  qualified 
young  men. 

-  Secondly,  the  loss  and  replacement  of  valuable 
hardware  In  a  period  of  spiraling  costs  and 
budgetary  restrictions  Is  hard  to  accept  both 
for  military  and  civilian  authorities 

-  Finally,  training  over  a  densily  populated  area 
and  In  a  crowded  airspace  like  Western-Europe , 
Inevitably  implies  the  risk  of  loss  of  civilian 
lives  and  substantial  damage  to  civilian 
property.  This  in  turn  -  especially  In  a  period 
of  general  dAtente  -  may  lead  to  flying 
restrictions  being  Imposed  by  the  highest 
civilian  authorities,  thus  seriously  limiting 
future  training  possibilities. 

THE  ACCIDENT  IHVESTIGATION  BOARD  (AIB) 

-  Flight  safety  begins  with  a  thorough 
investigation  of  each  aircraft  accident  to  find 
the  cause  of  the  mishap.  To  ctu'ry  out  this  task, 
the  Belgian  Air  Force  has  created  a  permanent 
aircraft  Accident  Investigation  Board  (AIB)  which 
is  composed  of  different  specialists  in  the  field 
of  aviation.  It  consists  of  pilots,  technicians 
(engine.  Instruments,  electronics,  safety  equipment 
etc)  and  a  flight  surgeon.  This  team  reports 
directly  to  the  Chief  of  Air  Staff  and  can,  during 
the  Investigation,  call  on  the  expertise  of  highly 
specialized  military  or  Industrial  laboratories. 
During  the  whole  Investigation  the  Chief  of  Air 
Staff  Is  continuously  kept  Informed,  which  makes  It 
possible  to  order  Intermediate  preventive  actions. 
In  its  final  report,  the  AIB  tries  to  identify  the 
primary  cause  of  the  mishaps  and  considers  all 
factors  which  contributed  to  the  accident.  In 
addition,  and  In  order  to  prevent  further  similar 
mishaps,  the  AIB  nukes  a  number  of  recommendations 
to  the  Chief  of  Air  Staff. 

-  Over  the  last  years,  the  causes  of  aircraft 
accidents  have  been  generally  divided  Into  the 
following  categories:  Logistics-related, 
Operational-related  and  Environmental-related.  This 
categorization  Is  adequate,  as  It  not  only  allows 
us  to  present  detailed  diagrams,  but  It  also 
offers  the  possibility  to  compare  the  statistics  of 
different  Air  Forces  and  different  aircraft  types. 
Nevertheless,  It  Is  generally  accepted  that  an 
aircraft  mishap  Is  very  seldom  the  result  of  one 
single  deficiency.  It  Is  usually  a  combination  of 
many  factors:  technical,  human,  environmental;  as 
well  as  other  contributory  factors. 


METHODS. 


If  the  result  of  the  investigation  confirms  that  a 
technical  failure  was  the  cause  of  the  accident,  it 
is  obvious  that  the  appropriate  step  to  prevent 
further  similar  problems  la  a  corrective  technical 
action  which  for  example  could  be  the  introduction 
of  a  modification.  As  an  illustration,  in  the  early 
years  of  the  F-16  we  lost  an  aircraft  in  unexplain¬ 
able  circumstances.  The  accident  happened  during  a 
low-level  Interception  mission.  The  mishap  aircraft 
impacted  with  the  ground  in  a  50 "  bank  and  nose 
down  attitude  without  any  attempt  to  eject  from  the 
pilot.  The  accident  investigation  team  found 
sufficient  evidence  in  the  wreckage  to  prove  that 
the  crash  was  caused  by  a  sudden  asymmetry  of  the 
leading  edge  flaps,  destabilizing  the  aircraft  in 
such  a  severe  way,  that  the  pilot  did  not  have 
sufficient  time  to  regain  control.  As  a  result  of 
the  investigation  report,  an  asymmetry  brake  system 
device  was  retrofitted  on  all  F-16  aircraft,  thus 
considerably  reducing  the  risk  of  similar 
accidents.  Regrettably,  due  to  engineering  and 
delivery  problems,  six  years  later  not  all  F-16 
A/B  models  had  been  modified.  At  that  time  an  F-16 
Instructor  pilot  was  confronted  with  an  asymmetric 
LEF  problem  during  night  flight.  A  controllability 
check  showed  that,  although  heavy  stick  forces  were 
needed,  the  crippled  aircraft  could  be  kept  under 
control  at  a  speed  above  180  kts.  The  experienced 
F-16  pilot,  aware  of  a  successful  recovery  of  a 
USAF  F-16  in  a  similar  emergency  situation, 
decided,  with  the  help  of  an  equally  experienced 
wlngman,  and  following  the  instructions  of  the 
Flight  Manual,  to  land  at  his  home  base.  Shortly 
before  the  touch  down  point,  when  the  speed 
decreased  below  l80  kts  with  the  AOA  increasing 
above  10*,  the  aircraft  departed  in  an 
uncontrollable  rolling  nose  high  manoeuvre.  The 
pilot  ejected,  unfortunately  outside  the  envelope 
of  the  ACES  II  ejection  seat.  Although  the  primary 
cause  of  this  accident  was  obviously  technical,  the 
human  factor  undoubtedly  played  an  Important  role 
in  the  fatal  outcome  of  this  mishap.  Indeed,  being 
an  experienced  instructor  pilot,  the  pilot's 
personal  pride  led  him  to  attempt  a  landing  with 
his  disabled  aircraft.  Unfortunately,  he  highly 
underestimated  the  difficulty  of  such  a  manoeuvre, 
especially  during  night  flying.  After  this 
accident,  several  pilots  retried  this  emergency  on 
a  flight  simulator  which  had  been  programmed 
accordingly.  All  of  them  experienced  enormous 
difficulties  in  trying  to  land  the  aircraft  in 
similar  circumstances. 

In  its  comment  on  this  mishap,  the  Accident 
Investigation  Board  advised:  "  We  have  serious 
doubts  about  the  feasibility  and  the  chances  for 
succes  of  the  procedure  mentioned  in  the  Dash  One. 
The  smallest  error  can  be  catastrophic  and  the 
pilot's  chances  for  survival  are  very  low.  Also  the 
final  outcome  is  heavily  dependant  upon  various 
factors,  i.e.  experience  on  F-16,  day  or  night, 
croaswlnd,  turbulence  etc". 

The  above  example  Illustrates  the  efficiency  of  the 
AIB  in  different  fields; 

-  after  the  first  accident  a  technical  modification 
was  recommended,  modification  which  unfortunately 
had  not  been  applied  at  the  time  the  second 
accident  occured, 

-  after  the  second  accident,  in  addition  to  the 
previously  recommended  technical  modification,  a 
change  in  the  procedures  was  suggested. 

Besides  the  above  examples,  a  further  indication  of 
the  efficiency  of  the  AIB  la  the  fact  that  it  is 
very  seldom  that  the  cause  of  the  accident  cannot 
be  found.  A  point  which  will  be  illustrated  in 
detail  in  the  following  paragraphs. 


-  At  the  office  of  AIB  of  the  Belgian  Air  Force,  we 
examined  114  class  A  mishap  files  of  combat  and 
training  aircraft,  covering  the  period  from  1970- 
1990.  Transport  aircraft  and  rotary  wings  aircraft 
were  excluded  from  this  study. 

-  During  this  timeframe  covering  the  study,  the 
following  aircraft  were  in  the  inventory  of  the 
Belgian  Air  Force. 

1.  TRAINING  AIRCRAFT. 

-  SV-4  :  A  Belgian  made  piston  engine  biplane  for 

initial  training  till  1970 

-  SlAI  MARCHeTIT  SF-260:  An  Italian  built  piston 

engine  aircraft,  used  for  initial  training 
from  1970  to  the  present. 

-  FOUGA  MAGISTER  CM  170:  A  French  twin  engine  Jet 

for  advanced  training,  used  for  this  purpose 
from  i960  till  1979.  At  this  moment  the 
aircraft  is  still  in  service  for  continuity 
training  of  pilots  with  a  desk  Job. 

-  T  33:  The  US  built  T-  bird,  a  single  engine  jet, 

was  used  for  operational  training  till  1977. 

-  ALFA-JET: A  franco-german  twin  engine  advanced  jet 

which  replaced  the  Fouga  Magister  and  the  T  33 
for  advanced  and  operational  training. 

2.  COMBAT  AIRCRAFT. 

-  F/RF  -  84:  The  "Thunderstreak"  and 

"Thunderf lash" ,  both  US  build  single  engine 
fighter  bomber  and  tactical  Recce  aircraft, 
both  out  of  service  in  1971 ■ 

-  F-104  G  :  The  US  build  single  engine 
"Starflgther" ,  used  as  interceptor  and  as 
fighter  bomber  attack/strike  from  I963  till 

1983. 

-  MIRAGE  5  B  :A  French  Dassault  single  engine 

aircraft  used  in  the  fighter  bomber  attack  and 
recce  pole  from  1970  till  the  present. 

-  F-16  A/B:  The  "Fighting  Falcon"  of  General 

Dynamic  came  into  the  inventory  of  the  Belgian 
Air  Force  in  1979  initially  in  the  fighter/ 
Interceptor  role  and  later  on,  in  the  fighter 
bomber  attack/strike  role. 

-  We  searched  for  the  causes  of  these  accidents 
I.e.  Operational  related.  Logistic  related, 
Environmental  factors  and  unknown  causes.  We  also 
investigated  on  contributory  factors  which  played 
an  Important  role  in  the  cause  of  these  mishaps 
e.g.  supervision,  leadership,  violations  of 
regulations,  lack  of  continuity  training, 
psychological  factors,  physiological  stress  and 
pathophysiological  condition  of  the  pilot.  We 
checked  also  the  flying  status  of  the  mishap  pilot 
i.e.  squadron  pilot,  intructor  pilot,  visitor  pilot 
or  trainee.  We  studied  the  numerous  ejections 
which  occured  during  these  mishaps  and  registered 
the  succes  rate  e.g.  pilot  uninjured,  slightly, 
severely  or  fatally  Injured. 

RESULTS: 

-  114  aircraft  were  destroyed  during  this  period; 

91  of  them  were  combat  aircraft,  23  training 
aircraft.  Also  2  civilian  an  1  French  bomber  were 
lost  in  midair  collisions  involving  our  planes, 
adding  5  fatalities.  In  a  number  of  cases,  the 
ground  Impact  caused  extensive  damage  to  civilian 
properties  and  20  civilians  lost  their  lives  during 
these  accidents. 

-  A  total  of  134  pilots  and  1  passenger  were 
Involved  in  these  crashes  and  62  (46X)  of  them  were 
killed.  Two  other  pilots  were  declared  permanently 
unfit  even  for  a  limited  flying,  after  suffering 
major  physical  injuries  . 

-  64  pilots  were  able  to  eject  from  their  disabled 
aircraft.  Due  to  ejections  out  of  the  seat  envelope 
(8)  or  malfunctioning  in  the  ejection  sequence 
system  (2)  10  of  them  were  fatally  injured,  25  were 


-'6-3 


unhurt;  29  sustained  light  (8)  or  severe  (21) 
injuries.  The  injuries  suffered  by  these  pilots 
were  substantially  light  to  moderate  compression 
fractures  of  the  lower  thoracic  and  upper  lumbal 
vertebrae  (15)  and  to  a  lesser  degree,  fractures 
of the  lower  (4)  and  upper  extremities  (1)  and  burns 
(1).  After  recovery  from  their  injuries,  which  took 
an  average  time  of  4  to  5  months,  15,  of  the  21 
injured  pilots  were  able  to  regain  their  previous 
flying  status,  while  6  of  them  were  subject  to 
medical  restrictions  (l.e.  i-umporarlly  or 
permanently  unfit  for  aircraft  with  ejection  seat) 

-  While  considering  the  causes  of  these  114  class  A 
mishaps,  we  found  that  81  (71*)  were  operational 
related,  25  (22  *)  logistics  related,  6  (5,3*)  were 
caused  by  environmental  factors  such  as  a  bird 
strike  or  an  unidentified  foreign  object  damage 
(FOD  )  to  the  engine,  and  the  remaining  2  were 
classified  as  unknown  .  It  should  be  emphasized 
that  our  conclusion  do  not  always  reflect  the 
unanimous  opinion  of  the  AID.  Indeed,  when  the 
investigation  reveals  that  a  technical  problem 
cannot  be  totally  ruled  out,  the  Commission  must 
report  an  "  Unknown  cause"  For  5  mishaps,  there  was 
a  strong  Indication  toward  spatial  disorientation. 
Although  failure  of  the  main  attitude  Indicator 
could  not  been  excluded,  these  mishaps  have  been 
categorized  as  operational-related  rather  than 
unknown.  The  overall  attrition  rate  per  10.000 
Aircraft  flying  hours  could  be  computed  as  being 
1.08  per  10.000  aircraft  hours. 

-  Because,  there  is  a  great  difference  in 
operations  between  Combat  aircraft  and  Training 
aircraft,  we  had  to  expect  a  great  difference  in 
causal  factors  and  attrition  rates  between  these 
aircraft  categories.  Therefore,  we  have  divided 
this  chapter  in  2  parts;  Combat  aircraft  and 
Training  aircraft. 

1.  COMBAT  AIRCRAFTS: 

From  1970  till  1990,  we  lost  91  combat  aircraft;  41 
Mirage  5  B,  23  F-104C,  24  F-16  A/B  and  3  F  84-F. 
These  aircraft  accumulated  636,000  flying  hours, 
resulting  in  an  overall  attrition  rate  of  1.43  / 
10,000  flying  hours, 

-  59  (  65  *)  mishaps  were  operational-related  . 


-  Contributory  factors  frequently  intervened  in  the 
cause  of  these  accidents  and  very  .often  more  than 
one  factor  contributed  to  the  mishap.  We 
discovered,  in  order  of  Importance,  the  following 
contributory  factors: 


MIR  5 


F104  F16  F84  TOT 


Impr.emerg.  12 

techniques 
Inexperience  8 

Violations  of 
regulations  6 

Supervision  4 

Psychological  5 

Leadership  7 

Continuity 
training 

ATC  procedures  1 

Pathophys io 1 .  2 

Physiological 
accelerations 


4 

3 

2 

2 

2 

2 


2-18 

4  2  17 

8-16 
3  -  9 

2-9 
2  -  9 

1  -  3 

1  -  3 

1  -  3 
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2.  TRAINING  AIRCRAFT: 

-  Investigating  the  causes  of  these  mishaps,  we 
discovered  that  from  the  23  planes  lost,  not  one 
single  aircraft  crashed  due  to  technical  problems, 
22  were  operational-related  and  one  was  lost  after 
a  bird  strike. 


OPERATIONAL  RELATED 


LOC 

CWG 

TO/LAND 

FUEL 

MID 

AIR 

ATC 

pRCx:. 

10  CM  170 

6 

1 

3 

• 

- 

_ 

7  SF  260 

2 

2 

1 

2 

- 

- 

3  T-33 

1 

1 

- 

- 

1 

- 

2  ALPHA  JET 

1 

- 

- 

- 

- 

I 

22  Training 

aircraft 

10 

4 

4 

2 

1 

1 

PILOT  CATEGORY 


Midair  collisions;  15 
Spatial  disorientation  (SDO);  12 
Collision  with  the  ground/obetacle(CWG)  :  11 
Loss  of  control  (LOC);  9 
Take  off  /  Landing:  6 
Approach  in  IMC:  2 
Fuel  management :  2 
Ricochet  ;  1 
Engine  management  (stall):  1 


STUDENT 

I.P. 

VISITOR 

10  CM  170 

3 

1 

6 

7  SF  260 

1 

5 

1 

3  T-33 

1 

1 

1 

2  ALPHA-JCT 

1 

1 

- 

22  Training  A/C 

6 

8 

8 

-  25  (  27,5  *)  A/C  mishaps  showed  to  have  a 
logistic  factor  as  primary  cause. 


Engine  :  16 
Landing  gear  3 
Flight  controls  :  3 
Fuel  system  2 
Electrical  1 


-  5  other  aircraft  crashed  after  a  bird  strike  or 
FOD  Ingestion  to  the  engine. 

Looking  at  the  2  remaining  mishaps;  one  was 
categorized  as  unknown,  while  the  second  one  was 
caused  by  an  unauthorized  flight  of  a  technician! 


As  contributory  factors 
accidents  we  noticed 

to  these 

training  aircraft 

CM 

ALPHA 

T  33  SF  TOT 

170 

JET 

260 

Inexperience 

8 

1 

2 

3 

14 

Violations  of 

regulations 

6 

1 

1 

1 

9 

Continuity  training 

5 

1 

1 

- 

7 

Supervision 

4 

1 

- 

1 

6 

Psychological 

4 

- 

1 

- 

5 

Improper  esMrg  techn 

.1 

- 

- 

I 

2 

Intoxication 

1 

- 

- 

- 

1 

ATC  procedures 

- 

1 

- 

- 

1 

ANALYSIS 

1.  COMBAT  AIRCRAFT. 

-  Analyzing  the  evolution  oT  the  attrition  rate  of 
combat  aircraft  we  notice  a  negative  trend  over  the 
last  12  years,  until  1989*  Starting  with  an  average 
of  1.27/10.000  Hrs  over  the  first  9  years  covering 
320,000  flying  hours, the  attrition  rate  increased 
to  1. 60/10, OuO  Hrs  for  the  last  12  years  covering 
310,000  hours.  The  turning  point  of  this  graphic  is 
situated  in  the  period  1979-1982,  coinciding  with 
a  dramatic  decrease  of  the  annual  flying  time  per 
pilot  from  200  Hrs  to  an  historical  low  of  120,  and 
later  climbing  again  to  the  present-day  170  hours 
per  year.  At  the  same  time  we  saw  the  Introduction 
of  the  new  highly  maneuverable  F-16  Fighting  Falcon 
and  it  was  the  Belgian  Air  Force  which  assigned  the 
first  operational  West  European  F-16  air  defence 
squadron  to  NATO. 

-  Air  combat  manoeuvering  with  an  F-16  was  for  the 
fighter  pilots  a  great  joy,  but  the  tactics  with 
the  agile  fighter  had  to  be  totally  reviewed. 

Thanks  to  a  turn  radius  which  was  3  times  tighter 
than  before,  the  former  F-104  pilot  saw  his  combat 
airspace  reduced  27  fold.  It  took  him  some  time  to 
realise  that,  due  to  the  important  improvement  in 
raanoeuverability ,  it  was  no  longer  a  simple  matter 
of  remembering  a  mentally  plotted  position  of  the 
"enemy”  in  space  after  an  evasive  manoeuvre.  The 
dynamic  situation  of  the  air  combat  environment 
changed  so  quickly,  that  the  pilot  had  to  antici- 
pa'^e  the  "enemy"  to  show  up  at  unexpected  places, 
which  forced  him  to  the  highest  degree  of  mental 
alertness.  Two  midair  collisions  resulting  in  4 
aircraft  losses,  were  the  price  we  had  to  pay  to 
learn  this  lesson, 

-  Another  element  which  could  have  played  an  impor¬ 
tant  role  in  this  high  attrition  rate  ,is  the  fact 
that  due  to  the  call  cf  civilian  airlines  for 
military  pilots  the  squadrons  became  significantly 
undermanned  in  terms  of  experienced  pilots  during 
this  period.  In  a  flying  squadron  this  has  two 
important  consequences.  Firstly  a  greater  part  of 
the  working  day  must  be  spent  on  non  flying  duties. 
Secondly  the  most  complex  missions  must  be  executed 
by  a  small  n\^ber  of  experienced  pilots,  thereby 
reducing  their  availability  to  monitor  the  progress 
of  Junior  squadron  pilots. Consequently  the  Junior 
pilot’s  progression  in  operational  flying  will  be 
disturbed,  which  in  turn  can  lead  to  a  decreasing 
motivation  and  become  hazardous  for  flight  safety. 

-  We  also  would  like  to  connnent  on  the  important 
number  of  accidents  due  to  spatial  disorientation 
(SDO).  SDO  Is  characterised  by  the  high  fatality 
rate.  Indeed  ,  if  the  pilot  it*  unaware  of  the  real 
attitude  of  his  aircraft  and  if  he  does  not  know 
what  is  going  on,  he  can  impoaelbly  take  any 
corrective  action.  Whith  regard  to  the  SDO  problem, 
we  welcome  the  articles  in  a  Dutch  Flight  Safety 
magazine,  where  we  could  find  the  personal  impres¬ 
sions  of  the  pi’ots  who  had  experienced  SDO  during 
their  missions 

-  Comparing  the  3  main  aircraft,  operating  during 
these  21  years,  we  notice  that  the  F-104  had  the 
lowest  attrition  rate  (1,18)  during  the  period  70  - 
83,  although  its  overall  rate  was  1.33  for  its 
total  life  time  in  the  Belgian  Air  Force  (1963- 
1983^-  This  was  lower  than  the  Mirage  (1.^5)  and 
the  F-16  (1.65).  The  nickname  "Widowmaker"  which 
this  aircraft  earned  during  its  service  In  the 
West-European  Air  Forces  was  most  probably  due  to 
its  higher  fatality  rate  (0.8/10.000  hours)  due  to 
less  ejections  and  due  to  the  high  accident  rate  in 
the  German  Air  Force  in  the  Initial  stage.  On  the 
other  hand,  we  should  emphazlse  that  we  only  lost  4 
of  the  23  aircraft  for  technical  recurons,  while 
this  factor  was  responsible  for  more  then  30%  of 
the  Mirage  and  F-16  mishaps. 


It  has  to  be  noted  however  that  in  the  beginning 
only  experienced  pilots  (I.500  hrs  total  flying 
time!  went  to  the  F104  Squadrons.  With  the 
Introduction  of  Mirage  5  and  F-I6,  and  due  to  the 
lack  of  a  "maturation"  aircraft,  pilots  flew  those 
performant  combat  aircraft  after  a  total  of  less 
than  400  hrs  on  training  aircraft 

-  For  the  Mirage  5t  improper  emergency  technique  as 
a  contrlbu4.ory  factor  was  very  often  mentioned. 

This  could  have  been  due  to  non  availability 

of  a  flight  simulator  in  Belgium.  Young  Mirage 
pilot  train  the:*r  conversion  course  on  a  flight 
simulator  in  France.  When  flying  at  ' ow  level,  if 
experiencing  a  serious  engine  problem,  the  pilot 

is  not  allowed  to  make  the  smallest  mistake. 
Indeed,  he  has  to  be  able  to  analyse  the  engine 
problem  in  very  short  timeframe,  followed  by  an 
appropiate  action,  conijidering  ejection,  often  over 
a  densily  populated  ai'ea,  with  a  0-90  ballistic 
ejection  seat.  This  seat  has  been  recently  replaced 
by  a  0-0  rocket  seat. 

-  Finally,  we  noticed  that  we  didn’t  have  emy  docu¬ 
mented  case  of  an  F-I6  misb'ip  due  to  +Gz  induced 
loss  of  consciousness,  although  in  2  mishaps,  *Cz 
forces  could  have  contributed  to  the  loss  of  an 
aircraft. 

2.  TRAINING  AIRCRAFTS. 

-  We  were  amazed  to  notice  the  high  fatality  rate 
in  training  aircraft  mibriaps.  Indeed,  21  of  the  35 
pilots  involved  were  killed  during  these  crashe  . 

At  the  first  sight,  we  believed  that  this  was  lue 
to  the  fact  that  the  majority  of  these  planes  were 
not  equiped  with  an  ejection  seat.  However  further 
analysis  of  these  accidents  confirmed  that  very 
few  pilots  could  have  been  saved  as  such,  because 
almost  all  fatal  accidents  occured  after  loss  of 
control  at  low  level,  out  of  envelope  of  any  ejec¬ 
tion  seat. 

-  It  is  also  quite  remarkable  that  only  12  of  the 
23  aircraft  were  destroyed  in  relation  with  the 
training  program.  The  other  were  lost  by  IP  (3)  or 
by  visitor  pilots  (5).  Although  only  an  estimated 
20  %  of  the  total  aircraft  flying  hours  are 
consumed  by  these  2  categories  of  pilots,  they  were 
involved  in  almost  5OX  of  all  Training  aircraft 
mishaps.  The  visitor  pilot  is  a  pilot  with  a 
temporarily  deskjob  and  the  Air  Staff  gives  him 
the  opportunity  to  maintain  flying  currency  with  a 
limited  flying  program.  These  pilots  fly  between  40 
and  60  flying  hours  a  year,  of  wlch  a  certain 
amount  in  the  back  seat . 

-  During  5  years,  the  Fouga  Magister  were  dispersed 
at  5  different  airfields  with  insufficient  super¬ 
vision  of  the  flying  activities  of  these  visitor 
pilots.  This  sit  :ation  resulted  in  a  series  of 
fatal  crashes.  The  AIB  mentioned  in  almost  all 
cases  the  following  contributory  factors  in  these 
mishaps:  lack  of  supervision,  lack  of  continuity 
training,  and  thus  poor  preparation,  violation  of 
regulations  and  non  familiarity  with  typical 
aircraft  flight  characteristics. 

-  In  jrder  to  stop  these  disariters,  the  Air  Staff 
took  the  wise  decision  to  withdraw  the  Fouga 
Magister  from  the  5  air  baser  and  to  centralize 
them  in  a  newly  created  squadron  for  visitor 
pilots,  supervised  by  a  small,  but  permanent  staff 
of  highly  experienced  IP  on  this  type.  By  taking 
this  measure,  the  Air  Staff  could  influence  the 
Human  Factor  In  such  a  way  that  during  more  than  4 
years  not  one  single  mishap  has  happened  to  a  Fouga 
Magister  . 

-  In  another  study  of  about  100  class  A  and  B  mis¬ 
haps  in  the  Belgian  Air  Force,  we  found  a  positive 
correlation  between  even  a  short  break  in  training 
continuity  and  the  occurence  of  an  accident.  It 
could  be  demonstrated  that  20%  of  all  mishaps  took 
place  after  a  flying  interruption  of  one  week. 
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althOL^gh  these  flights  represent  only  5  %  of  the 
total  of  the  missions  flown. 

CONCLUSION 

-  Although  the  Belgian  Air  Force  remained  two 
years  without  an  accident,  it  must  resolutely 
continue  its  efforts  in  t’;e  field  of  accident 
pievention.  Flight  safety  must  be  a  continuous 
concern  of  all  personnel  serving  in  the  Air  Force. 
The  airman  who  picks  up  a  foreign  object  on  the 
taxi-track,  the  crew  chief  with  a  carefully 
performed  pre  and  pos*-  flight  inspection,  the 
highly  skilled  maintenance  personnel,  wnich  is 
responsible  for  repair  and  control  of  complicated 
hardware  and  software,  the  air  traffic  controller 
who  must  guide  and  talk-down  his  aircraft  with 
great  precision  in  difficult  weather  conditions, 
the  alertness  of  the  fire  brigade  and  the  flight 
surgeon,  who  by  his  knowledge  of  aerospace  medicine 
and  his  interest  in  flying  activities  has  become  a 
trusted  ally  of  his  pilots,  all  have  their  part  to 
play, 

A  lower  defence  budget  together  with  a  new  NATO 
strategy  which  aims  to  lower  the  readiness  state  of 
our  operational  squadrons,  are  both  forcing  the 
Belgian  Air  Staff  to  substitute  fully  combat  ready 
squadron  pilots  by  an  important  number  of 
Operational  Reserve  pilots  (OR),  These  OR  pilots 
are  ex-squadron  pilots  with  a  temporarily  Staff 
fun-  tion.  Efch  week  they  have  a  dedicated  flying 
day  in  their  assigned  squadron,  so  that  they  can 
continue  to  fly  about  60  to  bO  hours  a  year  on 
combat  aircraft,  and  this  for  a  maximum  of  three  to 
five  years.  Specific  measures  have  been  taken  by 
the  Air  Staff  to  give  these  pilots  an  adapted 
training  program,  and  to  avoid  flight  safety 
hazards.  The  Air  Staff  is  well  aware  of  the  dangers 
linked  to  the  OR  status.  An  intensive  flight  safety 
policy  should  however  reduce  the  risks  of  those 
’’economically  induced"  hazards. 

-  The  squadron  pilot  must  be  able  to  fully 
concentrate  on  his  flying  activities,  and  to 
reduce  as  much  as  possible  the  work  load  and  the 
troubles  very  often  created  by  staff  work  and  by 
attending  external  courses.  He  should  further  fly 
in  a  well  manned  squadron  where  the  young  pilot  is 
surrounded  by  experienced  pilots,  with  whom  he  can 
train  and  discuss  his  problems.  At  least,  we  should 
plead  to  keep  the  pilots  in  the  squadrons  for  a 
longer  time.  We  often  notice  that  young  pilots  are 
already  leaving  the  squadrons  after  4-5  years 
which  represents,  at  the  rate  of  the  annual  flying 
time  of  170  hours  a  year,  only  750  to  8OO  hours  of 
experience  -on  combat  aircraft.  These  pilots  have  to 
be  very  good  to  assume  the  function  as  CO  of  a 
squadron  after  an  assignment  of  3  years  in  the  Air 
Staff,  with  the  consequent  reduction  in  expedience 
at  the  front  line. 

-  Over  the  last  21  years,  the  Belgian  Air  Force 
lost  114  Aircraft  and  62  pilots  during  peace  time 
operations.  We  payed  a  very  high  price,  to  provide 
NATO  with  an  operational  Air  Force  .  The  statement: 
"The  pilot  is  the  only  soldier  of  the  Armed  Forces, 
who  permanently  risks  his  life  In  peace  time"  is  a 
hard  reality. 
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ATTRITION  I  FATALITY  RATE 


COMBAT  AlC 

A/C  TYPE 

N  MISHAP 

A/C 

FLYING 

HOURS 

ATTRITION 

RATE 

FAT 

FAT 

RATE 

F-16A/B 

145179 

1,65 

11 

0,76 

MIR5B 

263836 

1.55 

16 

0,60 

F104-G 

194696 

1,18 

13 

0.66 

F-84F 

30908 

0,97 

1 

0,32 

TOTAL 

91 

634619 

1,43 

41 

0.64 

TRAINING  A/C 

A/C  TYPE 

N  MISHAP 

A/C 

FLYING 

HOURS 

ATTRITION 

RATE 

FAT 

FAT 

RATE 

CM-170 

11 

120718 

0,91 

8 

0,66 

SF-260/SV-4 

7 

189937 

0.37 

7 

0,37 

ALPHA-JET 

2 

67335 

0,30 

3 

0,44 

T-33 

3 

41012 

0.73 

3 

0,73 

TOTAL 

23 

419002 

0,55 

21 

0,50 

OVERALL 

114 

1053621 

1,08 

62 

0,59 

At 


i 

I 


OVERALL  MISHAP  FACTORS  COMBAT  I  TRAINING  A/C  N  =  114 


5.26%  •■'^5% 


A2 


MISHAPCOMB  AT  AIRCRAFT 


\COMBAT  AIRCRAFT  •  OPERATIONAL  FACTOR  N  =  S9 


A5 


A6 


TRAINING  AIRCRAFT 
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FLYING  STATUS  PILOT  I  TRAINING  AlC  MISHAP 


AlC  TYPE 

NUMBER 

STUDENT 

HP 

VISITOR 

CM-170 

11 

3 

2 

6 

ALPHA-JET 

2 

1 

1 

- 

T-33 

3 

1 

1 

1 

SF-260ISV-4 

7 

1 

5 

1 

TRAINING  AlC 

23 

6 

9 

8 

TRAINING  RELATED  12 


NOT  TRAINING  RELATED  11 

A9 


EJECTIONS 


AlC  TYPE 

SEAT 

N-MC 

y-PlL 

N-EJEC  PIL 

FATAL 

MAJOR 

MINOR 

UNHURT 

FIT 

UNFIT 

RESTRICT. 

MIR  SB 

MBMK4 

4l 

47 

30 

3 

18 

a 

8 

21 

■ 

6 

FI04G 

LOCKEED 

23 

24 

12 

3 

3 

H 

3 

9 

■ 

- 

F-I6  MB 

ACES  U 

24 

26 

18 

3 

■ 

2 

13 

IS 

H 

- 

F-S4  F 

REPVBLIC 

3 

3 

2 

- 

- 

/ 

I 

2 

■ 

- 

T-33 

LOCKEED 

3 

4 

2 

/ 

- 

/ 

■ 

I 

■ 

- 

ALPHA-JET 

MB  MK 10 

2 

3 

0 

- 

- 

■ 

■ 

■ 

I 

- 

96 

107 

64 

to 

21 

8 

25 

48 

6 

AlO 
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UNDERLYING  CAUSES  OF  HUMAN  ERROR  IN  U^.  ARMY  ROTARY  WING  ACCIDENTS 


Daniel  T.  Fitzpatrick,  D.O.,  MP.H. 
U.S.  Army  Safety  Center 
Fat  Rucker.  AL  36362  USA 


SUMMARY 

Human  error  has  been  a  causal  facta  in  80%  of  U.S.  Army 
aviation  accidents.  The  focus  of  an  accident  investigation 
is  to  identify  the  task  errors  and  related  system 
inadequacies  that  contributed  to  the  acci^nt  occurrence. 
Within  the  U.S.  Army,  crew  error  aviation  accidents  have 
been  attributed  to  oie  of  five  reasons;  individual  failure 
(41%),  leader  failure  (27%),  standards  failure  (15%). 
training  failure  (12%),  or  c^er  failure  (5%). 

This  study  describes  the  most  frequently  occurring  aircrew 
task  errors  and  associated  problem  areas  causing  U.S.  Army 
rotary  wing  accidents  from  FY  84  through  FY  91.  A  total 
of  5M  accidents  occurred,  resulting  from  906  aircrew 
errors.  The  three  most  frequendy  occurring  task  errors 
involved  improper  decision,  improper  attention,  and 
inadequate  communication.  Together,  they  accounted  for 
one  half  of  the  total  number  of  identified  errors.  The  most 
fiequendy  repotted  problem  areas  were  inadequate  crew 
coordinaton  and  improper  scanning,  which  accounted  for 
almost  40%  of  the  errors.  There  were  minor  diffoences 
noted  for  problem  areas  based  on  aircraft  type,  time  of 
occurrence,  and  responsible  aircrew  meml^.  The  U.S. 
Army  Aviation  Center  has  introduced  corrective  measures 
that  address  these  problem  areas.  If  successful,  these 
corrective  measures  should  reduce  crew  error,  resulting  in 
fewer  accidents  and  a  savings  in  personnel  arxl  equipment 

1.  INTRODUCTION 

U.S.  Army  Safety  Center  (USASC)  statistics  have  shown 
that  human  erra  has  been  a  causal  factor  in  approximately 
80%  of  Army  aviation  accidents.  Human  error  is  defined 
as  job  performance  which  deviated  from  that  required  by 
the  operational  situatkm  (1).  Explaiiung  how  a  human 
error  occurs  requires  identification  of  die  specific  task  or 
function  the  individual  was  performing,  an  explanation  of 
how  that  task  or  function  was  improperly  performed,  and  a 
statement  of  how  the  error  caused  or  contributed  to  the 
accident. 

The  focus  of  m  accktent  investigation  should  be  lo  identify 
the  system  elemems  that  caused  or  permitled  the  accideiit 
to  occur.  The  procedure  used  by  the  U.S.  Army  to  identify 
and  describe  errors,  material  fedlures,  eaviroiunenlal 
factors,  inadequate  system  elements  and  recommendations 
is  called  the  “3W  approach.”  This  iqrproach  requires  the 
investigator  to  answer  three  questions; 

a.  What  happened?  Identify  how  the  accident  occmed. 
Identify  key  factorfs)  (ta^  errors)  that  contributed  m 
the  accident  occurrence. 


Standards 

Failure 

Slandardsiprocedures  are  not  ctear  or 
practical,  or  do  not  exist. 

Training  Failure 

Individual  not  trained  to  known  standard 
(insufficient,  incorrect  or  no  training  on  task). 

Leader  FaHure 

Leader  does  not  enforce  known  standards. 

Individual 

Failure 

Individual  knows  and  is  trained  to  standard 
but  elects  not  to  follow  standard  (self 
discipline). 

Other 

Equipment/material  improperly  designedinot 
provided;  inadequate  maintenance/facilities/ 
sendees. 

Figure  1.  Sources  of  human  error 

b.  What  caused  it?  Identify  the  inadequate  system 
element($)  that  caused  or  pomitted  the  accident  to 
occur. 

c.  What  to  do  about  it?  Identify  remedial  measures  that 
will  correct  the  system  inadequacy. 

In  human-mor  accidents,  the  error  causing  the  accident 
usually  can  be  traced  to  one  of  four  sources:  lack  of 
establ^hed  standards  a  procedures,  lack  of  training,  failure 
to  enforce  standards,  or  individual  failure  to  follow 
standards  (figure  1).  In  essence,  when  standards/ 
procedures  are  not  clear  or  practical  or  do  not  exist  and  the 
aircrew  member  makes  an  error,  that  error  is  the  result  of  a 
standards  failure.  If  the  standards  exist,  but  aircrew 
members  are  insufficiently,  incorectly,  or  not  trained  to 
known  standards,  the  error  is  a  result  of  training  failure.  If 
leaders  fail  to  enforce  existing  standards,  human  error  is  the 
result  of  leader  failure.  And  finally,  when  standards  ate 
known  by  aircrew  but  are  not  followed,  then  the  source  is 
individual  failure.  Within  the  U.S.  Army,  individual  Mure 
accounts  for  41%  of  all  hiunan  oror  av;.ition  accidents, 
while  leader,  training  and  standards  failure  account  fa 
27%,  12%,  ^  15%  respectively.  The  remainittg  5%  is 
attributed  to  equipment  a  material  improperly  designed  a 
not  provided;  a  inadequate  maintenance,  facUities  a 
services. 

Recent  USASC  studies  (23)  have  identified  a  list  of 
problem  areas  associated  with  operational  issues.  Problem 
areas,  as  deftied  here,  refer  to  tlK  manner  in  which  system 
deficiencies  and  associated  task  errors  ate  manifested  in 
aviation  operations.  Systematic  identification  of  qiecific 
problem  areas  frequently  associated  with  hutnan-erra 
accidents  provides  valuable  information  fa  the 
developmmt  of  recommendations  to  correct  these  areas. 
This  research  was  conducted  to  identify  tite  most  frequently 
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occurring  aircrew  task  errors  and  associated  piobtem  areas 
causing  U.S.  Army  rotary  wing  accidents. 
Recommendations  to  reduce  specific  problems  could  then 
be  made,  resulting  in  fewer  accidents  and  a  savings  in 
personnel  and  equipment 


2.  METHODS 

All  Class  A  through  Class  C  U.S.  Army  rotary  wing 
accidents  attributed  to  aircrew  einv,  inclusive  of  Fiscal 
Year  (FY)  84  through  FY  91  were  reviewed  for  this  study. 
This  classiflcation  includes  accidents  resulting  in  at  least 
total  property  damage  of  $10,000  or  an  injury  that  causes 
any  loss  of  time  from  work  beyond  the  day  on  which  the 
accident  occurred  (4).  The  narrative  repons  for  each 
accident  were  systematically  reviewed  to  verify  that 
aircrew  error  was  a  cause  CKtor  in  each  accident,  identify 
the  specific  task  error(s),  and  identify  tlM  associated 
problem  area(s). 

The  task  error(s)  for  each  accident  were  identified  from  the 
standard  taxonomy  currently  in  use  at  the  USASC  (Annex 
A).  The  associated  iHoblem  area  was  then  identifi^  for 
each  task  error.  The  set  of  problem  areas  used  for  this 
study  is  based  on  {xevious  research  conducted  at  the 
USASC  (2,3),  and  is  presented  in  Aruiex  B. 

Specific  information,  to  include  aircraft  type,  period  of  day 
and  duty  position  of  crewmember  making  the  task  error 
were  collected  for  each  accident  case.  Matrices  were 
developed  for  each  variable,  which  displayed  the  frequency 
of  task  errors  and  associated  problem  areas,  and  a 
computoi/ed  database  is  being  constructed  to  allow  future 
analysis. 


3.  RESULTS 

These  data  are  conskfered  preliminary  and  therefore  subject 
to  change  based  on  future  in-depth  analysis.  Of  the  626 
human  error  accidents  analyzed,  72  cases  (11%)  were 
excluded  from  the  study.  Reasons  fOT  rejection  included  no 
suiqmrting  evidence  for  human  error  even  though  the  cases 
were  coded  as  human  error  in  the  database,  human  error 
attributed  to  non-crewmember  personnel,  flight-related 
accklents  not  associated  with  aircrew  error,  and  insufficient 
information.  The  remaining  SS4  cases  accounted  for  906 
total  aircrew  errors.  In  terms  of  lost  manpower  and 
equipment,  these  accidents  resulted  in  189  fiitalides  and 
491  injuries,  at  a  cost  of  over  $360  million  to  the  U.S. 
Army. 

All  8  of  the  probh»n  areas  and  13  of  the  14  task  errors  were 
cited  in  the  study.  The  distribution  of  tadt  errors  is  shown 
in  ThUe  1.  The  three  most  frequently  occurring  orois: 
improper  decision  (nslTS),  improper  attention  (n>160), 
uid  inadequate  communication  (nsll6)  accounted  for  30% 
of  the  total  errors. 

The  distribution  of  proUem  areas  a  presented  in  Thble  2. 
TWo  categories,  inadeqiate  airciew  coordination  (n>  167) 
and  improper  scanning  (n«I66),  accomited  for  almost  40% 
offoeerrots.  Improper  attention  was  the  task  error  died  as 


Table  1 .  Distribution  of  task  errors 


Thsk  Error 

Number 

%orToiai 

Improper  decision 

178 

19.6 

Improper  attention 

160 

17.7 

Inadequate  communication 

116 

12.8 

Failed  to  follow  procedures 

110 

12.1 

Inadec^te  inspection 

77 

8.5 

Misjudged 

73 

8.1 

Failed  to  tecogr^e 

55 

6.1 

Failed  to  anfoipate 

45 

5.0 

Inadequate  planning 

37 

4.1 

Improper  complex  action 

22 

Z4 

Misinterpreted 

16 

1.8 

Failed  to  follow  principles 

12 

1.3 

Inadequate  improvising 

5 

0.5 

Total 

806 

100.0 

Table  2.  Distribution  of  problem  areas 


ProWamAraa 

Number 

%OfToM 

Coordinate 

167 

18.4 

Scan 

166 

18.3 

Diagnose/respond  to  emergency 

129 

14.3 

Detect 

112 

12.4 

Plan-dulng  fight 

109 

12.0 

Plan-prefight 

80 

8.8 

Estimate 

68 

7.5 

Maintain/recover  orientation 

51 

5.6 

Other 

24 

2.7 

Total 

906 

100.0 

the  most  frequent  cause  for  iminoper  scanning  and 
inadequate  communication  the  most  frequent  einx' 
associated  with  aircrew  coordination  problems. 

ProUem  areas  were  similar  frx  all  aircraft  types  with  a  few 
exceptionsClhble  3).  A  substantially  larger  percentage  of 
scanning  problems  were  idoitified  in  AH-64  aircrew 
membe^  In  contrast,  very  few  AH-64  and  CH-47  crews 
were  noted  to  have  a  problem  in  diagnosing  or  responding 
to  an  actual,  simulated  (X  percdved  onergency.  Scanning 
was  the  most  frequem  problem  identified  in  observation 
and  attack  aircraft  (AH-1,  AH-64,  OH-S8,  AH/OH-6)  while 
airciew  coordination  was  most  frequently  cited  for  utility 
and  ca^go  helicopiers  (UH-1,  UH-60,  CH-47). 

The  distribution  (rf  problem  areas  according  to  the  period  of 
the  day  in  which  the  acddent  occurred  is  dqricmd  in  Thble 

4.  The  improper  identtficmion  of  or  reqxmse  to  an 
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Table  3.  Percent  distribution  of  problem  area  by  aircraft  type 

_ AIRCRAFT  TYPE _ 

UH-1  U»f€0  OH-58  AH-1  AH-64  AH/OH-6  CH-47  Other 

Problem  Area  (N=226}  (N=150)  (N=183)  (N^153)  (N^77)  (N^)  (N=50)  (N=13) 


Coordinate 

18.1 

24.7 

14.8 

11.8 

22.1 

14.8 

22.0 

7.7 

Scan 

9.7 

17.3 

16.8 

22.2 

38.9 

721 

16.0 

23.1 

Diaonose/resbond  to  emeroencv 

20.4 

6.0 

15.9 

17.0 

1.3 

20.4 

2.0 

53.8 

Detect 

10.2 

14.0 

14.2 

11.1 

9.1 

9.3 

24.0 

0.0 

Plan-durino  flioht 

14.2 

12.0 

13.7 

10.4 

9.1 

14.8 

4.0 

7.7 

Plan-orefliaht 

10.2 

9.3 

6.0 

11.8 

2.6 

5.5 

16.0 

7.7 

Estimate 

5.3 

6.0 

10.4 

6.5 

6.5 

11.1 

6.0 

0.0 

Maintain/recover  orientation 

7.5 

8.0 

5.5 

3.9 

5.2 

0.0 

4.0 

0.0 

Otoer 

4.4 

2.7 

2.7 

3.3 

5.2 

1.9 

4.0 

0.0 

Total 

100.0 

IOOjO 

100b 

100.0 

100.0 

100b 

100b 

100b 

Table  4.  Percent  distribution  of  problem  areas  by  time  of 
occurrence 


Problem  Area 

Day 

iN=549) 

Night 

(N=357) 

Coordinate 

15.5 

23.0 

Scan 

16.4 

21.3 

Oiagnose/respond  to  emergency 

19.1 

6.7 

Detect 

12.4 

12.3 

Plan-during  flight 

14.7 

7.9 

Plan-preflight 

9.3 

8.1 

Estimate 

8.2 

6.4 

Maintain/recover  orientation 

0.9 

12.9 

Other 

3.5 

1.4 

Total 

100 

100.0 

em^ency  was  the  most  frequently  reported  daytime 
problem,  while  scanning  and  crew  coordination  problems 
were  most  often  cited  at  night  In  addition,  a  significantly 
larger  percentage  of  aircrew  membm  fail^  to  maintain  or 
recover  orientation  at  night  as  compared  to  day. 

The  duty  position  of  th?  aircrew  member  making  the  task 
error  was  also  evaluated  (Table  5).  Among  the  study 
population,  tqiproximately  3  out  of  every  S  task  errors  were 
caused  by  the  designated  pilot  Copilot  and  instructor  pilot 
errors  each  accounted  for  an  additional  17%.  Improper 
scanning  and  poor  crew  coordination  were  the  most 
frequent  i:^lems  noted  for  pilots  and  copilots,  while 
impt^  identification  of,  or  response  to  an  emogency 
was  the  problem  most  frequently  cited  for  instructor  pilots 
and  student  pilots.  Over  half  of  aU  problem  areas  attributed 
to  crew  chiefs  were  due  to  a  failure  to  detect  hazards. 


Table  5.  Percent  distribution  of  problem  areas  by  crewmember  committing  error 

_ CHBKMIMiEB _ 

mstnictor  Student  Crew 

Pilot  CopM  Pilot  Pilot  Chief  Other 

Problem  Area  (A/-596J  (Nmieo)  (hhlSO)  (N~22)  (N~15)  (N~23) 


Coonfinale 

16b 

23.1 

20.0 

4.5 

33.3 

17.4 

Scan 

18.7 

20.0 

18.0 

13.6 

6.7 

0.0 

Diaonose/respond  to  emeroencv 

13.3 

11.3 

20.7 

36.4 

0.0 

4.3 

Detect 

11.4 

14.4 

8.7 

4b 

60.0 

21.7 

Plan-durino  flight 

14.4 

6.9 

11.3 

0.0 

0.0 

17.4 

Pian-orefliaht 

14.4 

6.9 

11.3 

0.0 

0.0 

17.4 

Esttoiate 

8.6 

5.6 

6.7 

9.1 

0.0 

4.4 

MairitSBrv'recover  orientaflon 

5b 

6.2 

5b 

4.6 

0.0 

4.4 

Other 

0.9 

6.3 

^6 

22.7 

0.0 

0.0 

ToM 

100b 

100b 

100b 

100b 

100.0 

100b 
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4.  DISCUSSION 

The  purpose  of  this  study  was  to  identify  and  analyze  the 
most  common  problem  areas  associated  with  aircrew  error. 
There  were  two  dominant  problem  areas:  improper 
scanning  and  pom*  aircrew  coordination.  Similar  findings 
were  noted  in  a  previous  USASC  study  (5),  where  these 
two  problem  areas  accounted  fm  46%  of  the  total  number 
of  errors  involved  in  the  top  IS  violated  rotary  wing 
procedures. 

Scatuiing  problems  may  be  categmized  as  either  fixated, 
limited,  or  improper  technique  (S).  A  fixated  scan  occurs 
when  a  crewmember  discontinues  head  and  eye  movement 
when  searching  his  field  of  view.  Limited  scans  refer  to 
searching  only  a  portion  of  the  field  of  view,  while 
improper  tecl^que  refers  to  scanning  too  close  in,  too  far 
out,  too  fast,  or  too  slow.  Within  this  study,  scanning 
problems  occurred  more  frequently  in  airoaft  with  tandem 
seating  (AH-I,  AH-64)  whoe  the  forward  field  of  view  is 
restricted  for  the  backseat  pilot  In  addition,  scanning 
problems  were  cited  more  often  at  night  This  may  be 
attributed  to  degraded  visual  function  and  reduced  visual 
cues  (6),  combined  with  visual  limitations  ot  night  vision 
devices  (7)  frequently  used  during  night  flight 

The  large  number  of  scanrung  problems  identified  in 
AH-64  crews  (39%)  warrants  further  consideration.  Visual 
input  is  provided  to  crew  members  through  the  use  of  the 
integrated  helmet  and  display  sight  system  (IHADSS), 
which  is  unique  to  this  aircraft  (8).  When  flying  the  AH-64 
at  night,  the  pilot  night  vision  system  (H^S)  provides  a 
field  of  view  restricted  to  a  3Qx40-degiee  box  (9).  Head 
movement  is  limited  to  90  degrees  left  and  right,  so  (me 
cannot  look  to  the  rear  at  alL  In  addition,  the  FtivS  sensor 
is  located  on  the  nose  of  the  aircraft,  which  displaces  the 
eye  point  by  8  to  10  feet  in  ftont  of  the  pilot  and  creates 
some  difficulty  with  motion  parallax.  I^ots  have  also 
reported  effects  of  birwcular  rivalry,  resulting  in  an 
unusable  visual  image  or  peri(xlic  closing  of  the  left  eye  to 
clear  the  problem. 

Aircrew  coordination  failures  were  identified  in  all  types  of 
aircraft  for  all  aircrew  members.  Based  on  the  crew 
member  distribution  of  failures  (17%  for  instructor  pilots 
versus  1%  for  student  pilots),  poor  crew  coordination  was 
not  due  to  inexperience.  The  most  frequently  cited  reason 
for  this  problem  (33%  of  die  crew  coordination  failures) 
involved  non-flying  crew  members  failing  to  provide 
nee(ted  assistance  or  information  to  the  flying  crew 
member.  When  flying  at  night,  there  is  even  less  margin 
for  crew  error,  whkh  further  exposes  crew  coordination 
weaknesses.  As  a  result,  poor  aircrew  coordination 
accounted  for  23%  oi  the  total  night  related  problems. 

Crew  enws  are  related  to  basic  aviator  skills  and  persist 
due  to  inadequate  training,  procedures,  leadership,  and 


individual  self  discipline.  These  critical  skills  and 
techniques  must  be  identified  and  formally  integrated  into 
training  and  standards.  The  U.S.  Army  Aviation  Center  has 
institu^  changes  to  its  written  procedures  and  training 
methods  relating  to  crew  cocvdimticm  and  proper  scarming 
techniques.  In  additicm,  TC  1-210,  Aircrew  Traimng 
Manual  (ATM)  Commander's  Guide,  and  TC  1-214,  ATM 
Attack  Helicopter,  AH-64,  have  both  been  revised  to 
inc(»porate  crew  ccxxdination  requirements  into  the 
training  plan  and  individual  ATM  tasks.  These  same 
requirements  are  to  be  inccxporated  into  the  planned 
revision  of  all  ATMs. 

Further  actions  by  the  USASC  have  included  a  new 
^jpendix  for  Army  TC  1-204,  Night  Flight  Techniques, 
de^g  with  crew  ccxndination  and  scarming  during  rught 
vision  goggle  (NVG)  operations  in  the  desert;  and  a  night 
crew  mot  trairting  video.  These  corrective  acticms  should 
help  to  reduce  crew  error,  resulting  in  fewa  accidents  and  a 
savings  in  personnel  and  equipment 
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ATWEXA 


TASK  ERRORS 

1.  Inadequate  inspectkHi/search.  Failure  to 

look,  listen,  or  feel  in  different  locations  for  something,  not 
knowing  if,  where  or  when  it  may  occur. 

Key  words:  locate,  read,  detect,  observe. 

2.  Improper  attention.  Failure  to  pay  attention  to  one  or 
more  activities  or  operations. 

Key  words:  divide  attention,  monitor,  scan,  survey,  time 
sh^e,  or  watch. 

3.  Failed  to  recognize.  Failure  to  determine  what 
something  is  and  what  its  characteristics  are  so  it  can  be 
distingui^ed  from  other  things  that  are  similar. 

Key  words:  identify,  discriminate,  or  distinguish. 

4.  Misjudged  clearance/speed/weight/size/distaiice. 
Improper  evaluation  of  size,  weight,  temperature, 
movement,  direction,  distance  or  sound  of  things  seen, 
heard,  or  felt  without  the  use  of  measurement  devices. 

Key  words:  compare,  estimate,  or  evaluate. 

5.  Misinterpreted.  Failure  to  properly  apply  logic,  rules, 
or  computational  steps  to  information  so  it  can  be  omectly 
interpreted  and  used  in  performing  the  task  at  hand. 

Key  words:  calculate,  categorize,  code,  compute,  itemize, 
process,  tabulate,  or  translate. 

6.  Faded  to  anticipate.  Failure  to  expect  immediately 
upcoming  events  (short-term  planning)  to  be  prepared  to 
act  or  react  accordingly. 

Key  words:  expect,  for  see,  prepare  for. 

7.  Inadequate  planning.  Failure  to  properly  organize 
actions  and  plan  for  future  job  needs. 

Key  words:  allocate,  assign,  coordinate,  direct,  organize, 
or  schedide. 

8.  Improper  decision.  Selection  of  an  improper  course  of 
action  when- 

a.  The  best  choice  could  be  made  using  available 
information. 

b.  The  best  choice  could  be  carried  out  using  available 
resources,  and/or 

c.  One  rule,  principle,  or  procedure  for  deciding  the 
course  ck  action  cl^ly  applied. 

Key  words:  choose,  determine,  analyze,  elect,  or  select. 


9.  Inadequate  improvising/troubleshooting/problem 
solving.  Failure  to  devise  a  workable  course  of  action 
when- 

a.  The  best  course  of  action  could  not  be  decided  using 
available  information. 

b.  The  best  course  of  action  could  not  be  carried  out 
using  available  resources,  and/or 

c.  One  rule,  principle,  ot  procedure  for  deciding  the 
course  of  action  did  not  clearly  apply. 

Key  words:  adapt,  devise,  fabricate,  or  invent. 

10.  Failed  to  follow  procedures/orders/laws.  Failure  to 
use  the  proper  written  or  verbal  instruction  as  specific 
guidance  in  p^orming  a  task. 

Keywords:  carry  out  or  execute. 

11.  Failed  to  comply  with  general  rules/principles. 
Failure  to  use  the  rule,  principle,  or  commonly  accepted 
practice  as  general  guidance  in  performing  a  task. 

Key  words:  comply  with  or  obey. 

12.  Improper  simple  physical  action.  Improper 
performance  of  separate  simple  movements  made  with  a 
certain  purpose  in  mind;  e.g.,  completing  job,  task,  or  part 
ofatas^ 

Key  words:  Itft,  hold,  drop,  hit,  push,  pull,  sit,  stand,  reach 
for,  open,  close,  connect,  disconnect,  activate,  press,  turn, 
grasp,  grip,  set,  or  start. 

13.  Improper  complex  physical  action.  Improper 
performance  of  action(5)  involving  coordinate  movements 
to  which  continuous  adjustments  are  made  based  on 
information  related  to  the  task  at  hand. 

Key  words:  walk,  run,  crawl,  climb,  carry,  jump,  align, 
adjust,  steer,  brake,  aim,  accelerate,  swim,  throw,  or  track. 

14.  Inadequate  communication.  Failure  to  convey  facts, 
instructions,  or  directives  required  to  p^orm  a  task  by 
speaking,  writing,  signaling,  or  otherwise  giving 
infOTtnation  to  be  acted  on. 

Key  words:  ask,  answer,  signal,  irform,  advise,  direct, 
indicate,  instruct,  request,  speak,  transmit,  or  write. 


ANNEXB 


PROBLEM  AREA  DEFINITIONS 

1.  Scan.  Improper  direction  of  visual  attention  inside  or 
outside  the  aircrs^;  i.e.,  too  much  or  too  little  time  on  one 
object/area;  scan  pattern  not  thorough  or  systematic. 

2.  Maintain/recover  orientation.  Failure  to  properly 
execute  procedure(s)  necessary  to  maintain  or  recover 
orientation  in  flight  environments  known  to  restrict 
visibility;  e.g.,  snow,  dust,  IMC,  black  hole,  and  over  black 
water. 

3.  Plan-during  flight  Improper  inflight  modification  of 
flight  plan  or  failure  to  properly  modify  flight  plan  in 
response  to  unanticipat^  events  or  conditions. 

4.  Ptan-preflight  Failure  to  choose  appropriate  flight 
options  for  known  conditions  and  contingencies  and 
develop  these  into  a  course  of  action  to  maximize 
probability  of  mission  accomplishment 

5.  Estimate.  Inaccurate  estimation  of  distance  between 
objects  or  rate  of  closure  with  objects. 

6.  Detect  Not  identifying  obstacles  or  recognizing  otha 
hazardous  conditions;  e.g.,  obstacles  in  landing  area, 
unsecured  equipment  and  improper  control/switch  position. 


7.  Diagnose/respond  to  emergency.  Improper 
identification  of  or  response  to  an  actual,  simulated,  or 
perceived  emergency. 

8.  Coordinate.  Failure  of  crewmembers  to  prqierly 
interact  (communicate)  and  act  (sequence  and  timing)  in 
performance  of  flight  tasks. 

a.  Direct  assistance  -  Failure  to  properly  direct 
assistance  fixm  non-flying  crewmembos;  e.g., 
provide  information  on  airspeed,  altitude,  engine;  or 
assist  with  aircraft  clearance  and  control. 

b.  Announce  decision  -  Failure  to  aimounce  decision  or 
action  that  affects  other  crewmember’s  duties. 

c.  Positive  communication  -  Lack  of  positive 
communication  (trarismission,  acimowledgnient, 
confirmation)  using  standard  tominolQgy  with 
specific  qualifiers. 

d.  Assign  responsibilities  •  Failure  of  PIC  to  properly 
assign  reqxHisibilities  (crew  brief  or  during  mission). 

e.  Offer  assistance  -  Failure  to  offer  assistance  or 
infmmation  requested  or  needed  by  the  pilot  on 
controls. 

f.  Action  sequence  -  ImiHoper  sequencing  or  timing  of 
actions. 
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SUMMARY 

Spatial  disorientation  (SD)  continues  to  be  a 
contributing  factor  to  a  fairly  constji;  proportion  of 
military  aircraft  accidents.  The  United  States  Air 
Force  (USAF)  fielded  a  new  accident  investigation 
reporting  form  in  July  1989,  which  for  the  first  time 
specified  SD  Type  I,  Type  II,  and  Type  III  as 
possible  causes  of  aircraft  accidents.  Of  a  total  of  91 
major  accidents  that  occurred  over  the  2-year  period 
begiiming  in  October  1989,  SD  contributed 
significantly  to  13  (14%).  Although  this  percentage 
is  higher  than  that  reported  in  previous  studies,  the 
actual  rate  of  SD  accidents  per  1  00 , 00'^  flying 
hours  (.1843)  is  lower  than  previously  reported. 
Type  I  SD  was  the  cause  of  all  13  accidents;  9  of  the 
13  were  fatal;  6  occurred  in  night  or  instrument 
meteorologic  conditions  (IMC)  conditions;  and  11 
involved  cockpit  attention  problems,  such  as 
inattention,  distraction,  or  channelized  attention. 
Pilot  inexperience  did  not  appear  to  be  a  factor; 
average  total  flying  time  for  the  13  pilots  was  1,687 
hours.  Coding  for  SD  on  accident  investigation 
reporting  forms  was  not  consistent.  There  were  both 
individual  differences  between  flight  surgeons, 
difference  between  flight  surgeons  and  pilots,  and 
tmids  in  reporting  overtime.  There  is,  however,  a 
consensus  that  SD  represents  a  major  problem  in 
military  aviation.  A  scientific  approach  to  this 
important  problem  would  be  fKilitatad  if  agreement 
could  be  reached  on  defintional  and  semantic  issues. 


INTRODUCTION 

The  number  of  accidents  caused  by  SD  has  been 
determined  (see  Table  II)  for  several  flying 
populations  over  the  past  four  decades  (1-7).  All 
known  studies  have  used  the  results  of  accident 
investigation  boards  as  a  basis  for  categorizing  SD 
accidents.  Examination  of  the  potential  for 
misclassification  resulting  from  the  accident  reporting 
process  has  been  noticeably  lacking.  Only  one  report 
critically  examines  potential  semantic  difficulties  with 
the  definition  of  SD  (6).  A  knowledge  of  the  history 
of  SD  is  essential  for  rationally  interpreting  reported 
SD  rates. 

The  understanding  of  SD  has  changed  dramatically 
over  the  past  60  years.  The  existence  of  SD  was 
first  proved  in  1926  by  Major  William  C.  Ocker  (8). 
Ocker  made  the  crucial  discovery  during  a  routine 
semiaimual  physical  examination  performed  by  a 
flight  surgeon,  Capt  David  Meyers.  During  the 
exominat’on,  Ocker  was  blindfolded  and  rotated  in  a 
Barany  chair—a  technique  used  to  find  possible 
vestibular  (inner-ear  balance  organ)  pathology. 
While  rotating  blindfolded  and  not  being  able  to 
identify  correctly  the  direction  of  turn,  Ocker 
suddenly  realized  why  pilots  were  having  problems 
when  flying  in  clouds  and  fog.  His  realization  was 
the  first  recognititm  of  the  phenomenon  subsequently 
referred  to  as  'pilot  vertigo,'  and  now  called  spatial 
disorientation.  This  phenomenon,  he  now 
understood,  was  a  result  of  inadequacy  of  the 
vestibular  sensory  system. 


In  spite  of  Ocker’s  finding,  many  pilots  refused  to 
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accept  the  fact  that  spatially  orienting  instruments 
were  necessary.  Pilots  were  generally  taught  to 
develop  a  'feel  for  the  ship,'  the  antithesis  of 
reliance  on  instruments.  Their  understanding  of  SD 
would  remain  primitive— i.e.,  that  it  was  a  weakness 
of  the  pilot’s  innate  ability  to  fly  an  airplane.  Well 
into  the  1940s  instrument  training  manuals  illustrated 
a  somewhat  limited  imderstanding  of  SD,  and 
en^hasized  only  vestibular  conflicts  (e.g.,  the 
following  excerpt  from  Instrument  Flying— Basic, 
1943)  (9): 

'...  What  to  do  about  these  sensations: 

(3)  Shake  your  head  and  move  your  body 

around... 

(4)  If  you  feel  that  the  aircraft  is  banked  in 

one  direction,  although  it  actually  is  level, 

try  banking  in  the  opposite  direction...' 

In  1961,  the  term  'vertigo,'  rather  than  'SD,'  was 
still  primarily  used  in  American  textbooks  of 
aerospace  medicine  and  predominantly  vestibular 
illusions  were  discussed  (10).  A  decade  later  the 
updated  edition  of  the  same  textbook  discussed  a 
range  of  both  vestibular  and  visual  illusions  under  the 
heading  of  'Spatial  Disorientation'  (11). 

As  early  as  1958,  the  scientific  literature  began  to 
identify  visual  cues  external  to  the  cockpit  as  possible 
sources  of  SD  (12).  It  was  understood  that  if 
conflicts  between  the  visual  scene  and  the  cockpit 
flight  instruments  were  not  recognized  and  properly 
resolved,  SD  could  result.  Head-up  displays  on  the 
fighter  aircraft  of  the  1970s  and  1980s  enabled  pilots 
to  spend  more  time  with  their  eyes  out  of  the  cockpit, 
and  thus  to  increase  their  chances  experiencing 
visually  induced  forms  of  SD  at  night  or  in 
instrument  weather  conditions.  By  1985  aeromedical 
textbooks  included  expanded  discussions  of  visual 
illusions  and  sensory  mismatch  in  an  effort  to 
improve  the  understanding  of  SD  (13). 

Just  as  our  understanding  of  the  causes  and 
mechanisms  of  SD  has  matured  from  1926  to  the 
present,  so  has  the  definition  of  SD  evolved.  The 
lack  of  a  generally  accepted  definition  of  SD  has 
hampered  aircraft  mishap  investigators  by  depriving 
them  of  the  ability  or  motivation  to  correctly  identify 
SD  as  the  cause  of  accidents.  SD  has  usually  been 
taken  to  mean  the  experiencing  of  an  orientational 
illusion  in  flight  (13).  As  a  result,  unless  a  specific 
vestibular  or  visual  illusion  was  identifiable  as  having 
precipitated  a  mishap,  investigators  were  disinclined 


to  state  that  SD  was  a  causal  factor.  One  accident 
investigation  board  even  refused  to  categorize  a  Class 
A  mishap  as  SD-related  because  of  a  sentence  in  a 
training  manual  that  stated  SD  was  not  possible  when 
the  natural  horizon  was  visible  (14).  The  document 
was  rewritten  in  1986  (15). 

What  was  needed  was  a  definition  of  SD  that 
incorporates  the  idea  of  the  pilots  lack  of  a  correct 
awareness  of  the  aircraft  state,  regardless  of  the 
specific  illusion  responsible.  An  attempt  at  such  a 
definition  was  'a  state  characterized  by  an  erroneous 
sense  of  one’s  position  and  motion  relative  to  the 
plane  of  the  earth’s  surface'  (16).  But  even  this 
comprehensive  definition  lacks  utility  in  that  it  does 
not  specifically  identify  those  positions  and  motion 
parameters  that  pilots  must  monitor  to  keep  their 
aircraft  from  crashing  as  a  result  of  illusory 
orientational  cues  and  consequent  misdirected  control 
inputs.  Accordingly  an  'operational'  definition  of 
SD  has  proposed  by  USAF  Armstrong  Laboratory 
personnel  and  used  successfully  in  consultations 
supporting  aircrft  mishap  investigations.  This 
operational  definition  of  SD  is  'a  state  characterized 
by  a  pilot’s  erroneous  percept  of  the  magnitude  or 
direction  of  any  aircraft  control  or  performance  flight 
parameter,'  or  articulated  even  more  clearly  for 
pilots,  'an  erroneous  sense  of  any  of  the  flight 
parameters  displayed  by  aircraft  control  and 
performance  instruments' (16).  As  flight  instruments 
are  divided  according  to  function  into  control, 
performance,  and  navigation  categories  (15)  and  the 
control  and  performance  categories  contain  the  co¬ 
called  'primary'  flight  instruments  needed  to  monitor 
aircraft  state,  it  is  logical  to  define  SD  in  terms  of 
control  and  performance  parameters  or  instruments. 
By  this  definition,  a  pliot  who  incorrectly  perceives 
his/her  pitch  or  bank  attitude  (control  parameters),  or 
vertical  velority,  altitude,  turn  rate,  etc.  (performance 
parameters),  is  considered  to  be  spatially  disoriented, 
whatever  the  visual  or  vestibular  mechanism 
responsible  for  the  incorrect  perception. Even  though 
this  latest  definition  has  been  received  quite 
favorably,  the  understanding  of  SD  in  such  terms  is 
at  present  by  no  means  universal. 

Not  only  have  our  understanding  of  SD  and  the 
definition  of  SD  changed,  but  so  has  our  way  of 
recording  the  accident  data.  Until  1989,  the  USAF 
accident  reporting  form  (Air  Force  Form  71  IgA), 
gave  the  investigating  flight  surgeon  the  choice  of 
attributing  accident  causation  to  either  'visual 
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illusion’  or  ’disorientation/vertigo,’  and  he  could 
rank  the  importance  of  this  factor  as  'definitely 
contributed,'  'suspected  factor,'  or  '...  present  but 
did  not  contribute. . . '  (see  Fig  la).  Beginning  in  July 
1989,  a  new  accident  reporting  form  was  adopted 
which  allowed  the  flight  surgeon  specifically  to 
choose  SD  Type  I,  SD  Type  II,  or  SD  Type  III  and 
rate  the  significance  of  the  SD  contribution  to  the 
accident  on  a  0  to  4  scale  (see  Fig  lb). 

This  paper  attempts  to  determine  the  current  rate  of 
SD  in  the  USAF  by  an  in-depth  assessment  of  Class 
A  mishaps.  In  addition,  the  paper  investigates  how 
reported  rates  have  been  influenced  historically  by  an 
improved  understanding  of  SD,  definitional/semantic 
changes,  and  altered  methods  of  reporting  SD. 

MATERIALS  AND  METHODS 

The  life  sciences  data  base  of  the  USAF  Inspection 
and  Safety  Center  was  reviewed  for  the  years 
1980-1991.  Data  were  separated  by  fiscal  year 
(FY)  (1  Oct-30  Sept).  For  FY80  through  FY89, 
Class  A  accidents  (major  accidents),  either 
'suspected'  or  'definitely'  caused  by 
'disorientation/vertigo'  were  selected.  Major 
accidents  are  defined  as  those  resulting  in  either  a 
loss  of  life  or  more  than  $200,000  worth  of  damage 
until  1982;  from  1982  until  1989,  the  damage 
crierion  for  a  major  accident  was  raised  to  $500,000. 
For  FY90  and  FY91,  accidents  caused  by  SD  Type 
1,  Type  II,  or  Type  III,  with  the  significance  of  the 
factor  rated  3  or  4  on  a  scale  0-4,  of  were  chosen. 
Also,  after  1989,  the  damage  criterion  for  a  major 
accident  was  raised  to  $1,000,000. 

The  total  number  of  Class  A  mishaps,  and  the  total 
flying  time  for  all  aircraft  for  each  fiscal  year,  were 
used  to  determine  the  proportion  of  accidents  caused 
by  SD,  and  the  rate  of  occurrence  of  SD  accidents, 
respectively.  Past  flying-hour  data  (available  back  to 
1921)  were  used  to  calculate  rates  for  the  data 
presented  by  Bamum  and  Bonner  (1938-1968)  in 
Table  I.  USAF  Inspection  and  Safety  Center  codes 
that  categorize  accidents  according  to  natural 
groupings,  rather  than  causality,  were  also  used  to 
investigate  secular  trends  in  the  categorization  of 
USAF  SD  mishaps  (Table  III)- 

Accident  rqmrts  for  those  accidents  attributed  to 
q;)erator  error  during  the  four-year  period  FY88-9I 


were  reviewed  by  two  of  the  investigators  (TL  and 
WE)  in  an  attempt  to  verify  the  classifications  of 
these  accidents.  For  some  accidents,  however,  the 
investigators  did  not  agree  between  themselv^  on  the 
appropriate  classification.  Therefore,  only  the 
codings  determined  by  the  original  accidrat 
investigation  board  were  used.  Accidrats  attributed 
to  SD  after  implementation  of  the  new  accident 
reporting  form  in  FY90  appeared  to  rq>resait  a 
different  subset  of  accidents  from  those  attributed  to 
SD  when  the  old  form  was  used.  Therefore,  detailed 
analysis  of  SD  accidents  was  done  only  for  FY90  and 
FY91.  For  these  years  the  actual  accid«it  records 
were  reviewed  to  determine  the  nature  of  the  SD 
accidents  (Table  IV),  coexisting  perceptual  and 
situational  awareness  factors  (Table  V),  and  personal 
characteristics  and  habits  of  the  pilots  (Table  VI). 

Normative  data  for  personal  .  iologic  variables 
were  obtained  from  a  variety  of  sources.  Age,  total 
flying  time,  and  aircraft-specific  flying  times  were 
obtained  from  Military  Personnel  Center  records 
maintained  by  the  USAF  Armstrong  Laboratory 
Human  Resources  Directorate.  Data  as  of  31 
December  1989  were  used  for  all  pilots  who  had 
flown  an  F-16,  F-IS,  A-10,  or  A-7  within  the 
previous  6  months.  Using  data  from  the  USAFSAM 
Coronary  Artery  Risk  Evaluation  file,  we  determined 
that  only  6%  of  the  pilot  population  smoked  in  1988. 

RESULTS 

The  proportion  of  accidents  attributed  to  SD  in  the 
USAF  appears  to  have  increased  slightly  over  the 
past  four  decades  while  the  actual  rate  of  SD  has 
decreased  somewhat  (Table  I).  The  conditions  under 
which  SD  accidents  occurred  varied  somewhat 
depending  on  the  flying  population  studied  (Table  II). 

Table  III  gives  a  breakdown  by  year  of  the  types  of 
accidents  attributed  to  SD.  A  comparison  of  SD 
categorization  before  (FY86-FY89)  and  after 
(FY90-FY91)  implementation  of  the  new  accident 
investigation  reporting  form  revealed  an  increased 
tendency  to  categorize  collision  with  the  ground  (non- 
range)  accidents  during  low-level  navigation  as  due  to 
SD  on  the  new  form.  On  the  other  hand,  there  was 
a  decreased  tendency  to  categorize  pilot-induced 
control  loss  accidents  as  due  to  as  SD  on  the  new 
form.  Most  reports  of  such  control-loss  accidents 
attributed  to  SD  had  no  discussion  of  SD  or 


of  specific  vestibular  or  visual  illusions  in  the 
narrative.  One  such  accident,  for  example,  involved 
a  pilot  who  was  confused  as  a  result  of  G-induced 
loss  of  consciousness  (G-LOC)  during  aerobatic 
maneuvering. 

Table  IV  describes  the  13  SD  mishaps.  Most  (12/13) 
of  these  SD  accidents  during  FY90-FY91  occurred  in 
fighter  aircraft  and  most  (9/13)  were  fatal.  All  were 
reported  to  be  Type  I  (unrecognized)  SD.  In  most 
cases,  no  specific  vestibular  or  visual  illusions  were 
identified  as  causal  (Table  V).  Most  of  these 
accidents  (11/13,  85%)  had  one  or  more  cockpit 
attention  factors  coded  in  addition  to  SD  (Table  V). 
Table  VI  compares  the  personal  characteristics  and 
habits  of  the  13  SD  pilots  with  normative  data  for  the 
USAF. 

Accidents  occurring  during  low-level  flight  in  visual 
meteorologic  conditions  (VMC)  ate  coounon,  but 
until  recently  have  not  been  coded  as  SD  accidents. 
According  to  recent  Air  Force  Inspection  and  Safety 
Center  statistics,  at  least  25  low-  level  turning 
accidents  involving  fighter/attack  aircraft  have 
occurred  since  1982  (17).  The  ingredients  were  the 
same  in  almost  all  of  these  mishaps:  low  attitude, 
aircraft  banked  60  to  80  degrees  in  a  turn,  clear 
weather  and  good  visibility,  greater  than  1  G  on  the 
pilot  (2-5.5  G),  and  pilot  looking  out  of  the  cockpit 
for  an  adversary,  a  wingman  or  other  object  of 
interest.  For  an  unexplained  reason  the  aircraft 
overbanked  during  the  turn;  and  and  as  a  result,  the 
nose  sliced  toward  the  ground.  It  is  presumed  the 
pilot  was  looking  somewhere  other  than  off  the  nose 
of  the  aircraft  and  did  not  detect  the  pitch  down,  and 
collision  with  the  ground  occurred.  At  least  three 
such  accidents  occurred  during  FY88-FY89  and  were 
not  coded  as  SD.  In  one  of  these,  the  investigating 
flight  surgeon  demonstrated  his  tack  of  understanding 
of  SD  by  stating  that  the  G-excess  illusion  could  not 
be  a  factor  at  such  ’low  G’  levels  (90  degree  bank) 
and  with  'good  visual  cues.'  In  contrast,  during 
FY90-FY91,  four  collisions  with  the  ground  during 
low-level  flight  in  VMC  and  four  night-range 
accidents  were  attributed  to  SD.  The  G-excess 
illusion  was  specifically  considered  by  the 
investigating  flight  surgeon  in  several  of  these  seven 
mishaps. 

Misclassification  in  the  rqxHting  process  was  evident 
both  before  and  after  implemoitation  of  the  new 
reporting  form  in  1989.  Accidents  were  often  coded 


as  'other'  in  evident  dissatisfaction  with  SD  codes 
available  with  both  the  new  and  the  old  forms.  Using 
the  old  form,  investigating  flight  surgeons  in  several 
cases  during  FY88-FY89  discussed  ^)ecific 
mechanisms  of  SD  but  did  not  code  the  accidmts  as 
'disorientation/vertigo':  one  case  of  'oculogravic 
illusion'  was  coded  as  a  'visual  illusion'  but  not  as 
'disorientation/vertigo'.  In  three  cases,  the 
investigating  flight  surgeon  coded  mishaps  as  'other' 
instead  of  using  the  factors  available  to  choose  from 
on  the  form;  and  the  descriptions,  'visual 
mispercqrtion,'  'somatogravic  illusion,'  and 
'disorientation,'  were  added  by  the  flight  surgecm. 
Investigating  flight  surgeons  using  the  new  form  also 
coded  accidents  in  the  'other'  category  three  times 
in  FY90-FY91.  The  terms  'qratial  misorientation* 
or  'misperc^tion'  were  substituted  for  SD. 

Misperception  of  position  was  coded  as  a  cofactor 
along  with  SD  in  5  accidents  (Table  V),  and  was 
coded  in  5  additional  accidents  when  SD  was  not 
coded:  2  mid-air  collisions,  1  geograi^c 
misorientation,  1  collision  with  paratroopers,  and  1 
controlled  flight  into  the  ground  on  the  range. 
Misperception  of  speed  was  never  coded  as  a  cofactor 
with  SD  and  was  coded  without  SD  being  coded  in  5 
additional  mishaps:  2  midair  collision  accidmts, 

1  range  accident,  1  loss  of  control  accident,  and  1 
engine  stagnation  accident.  Misperception  of  distance 
was  coded  twice  as  a  cofactor  with  speed  in  midair 
collision  accidents.  'Visual  illusion'  was  coded  on 

2  occasions  without  SD  being  coded:  1  ground 
collision  with  a  wingman  on  takeoff  roll  and  1 
collision  with  ground  following  visual  flight  into 
IMC.  'Visual  acquisition’  was  coded  3  times:  all  in 
midair  collisions. 

DISCUSSION 

Our  analysis  of  recent  USAF  SD  accidents  is  in 
agreement,  in  some  respects,  with  other  investigators. 
All  investigators  agree  that  SD  is  a  significant  cause 
of  aircraft  accidents.  Our  finding  that  involved  pilots 
were  of  average  experience  level  (1687h)  also  agrees 
with  other  investigators  who  found  similar  total  flying 
times  of  1,495  hours  (1)  and  1,488  hours  (3). 

In  several  respects,  howev^,  our  results  were 
different  from  those  of  past  investigators.  The 
proportion  of  USAF  accidents  caused  by  SD  in  FY90 
and  FY91  (14%)  is  slightly  higher  than  that 
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previously  reported,  while  the  actual  rate  per  100,000 
flying  hours  (.  18)  is  lower.  No  SD  accidents  during 
FY90  and  FY91  occurred  during  takeoff  or  landing. 
Over  half  of  the  FY90-FY91  SD  accidents  occurred 
in  VMC,  often  during  low-level  navigation:  this 
increase  in  the  coding  of  such  accidents  as  SD-related 
is  no  doubt  due  to  a  change  in  the  definition  and 
understanding  of  SD  by  investigating  flight  surgeons. 

The  USAF  attributes  a  higher  proportion  of  SD 
accidents  to  Type  I  SD  (almost  100%)  than  does  the 
Navy  (only  52%).  Discussion  with  both  U.  S.  Navy 
Safety  and  aviation  personnel  have  convinced  us  that 
semantic  variations  account  for  much  of  this 
difference.  In  addition,  some  of  this  difference  may 
be  due  to  misclassification  of  accidents;  for  example, 
we  found  at  least  one  USAF  accident  during  FY90- 
FY91  which  we  would  have  attributed  to  SD  Type  II 
rather  than  SD  Type  I. 

Although  there  is  an  increasing  tendency  for  flight 
surgeons  to  code  low-Ievel  accidents  in  VMC  as  due 
to  SD,  pilots  do  not  necessarily  concur  in  this 
categorization.  A  survey  of  30  USAF  pilots  in  1990 
(Lyons,  Thomae,  Mittelstaedt,  Pierce,  Schiffler,  and 
Reid,  unreported)  found  that  near-accidents  caused  by 
SD  are  frequent,  and  that  pilots  attribute  only 
accidents  occurring  in  obscured  visibility  to  SD.  Of 
the  30  critical  incidents  described  in  the  survey,  3 
were  attributed  primarily  to  SD;  and  in  three 
additional  incidents  the  pilots  rated  SD  as  definitely 
important  (5  or  6  on  a  scale  of  6)  in  contributing  to 
the  incidents.  Thus,  SD  contributed  significantly  to 
20%  of  these  near-accidents.  Four  of  these  incidents 
occurred  in  night  IMC;  1  occurred  in  unspecified 
IMC;  and  1  incident  occurred  during  flight  in  and 
out  of  clouds.  Phase  of  flight  was  also  a  factor:  3  of 
the  incidents  occurred  on  instrument  approaches, 
while  2  others  occurred  during  formation  flight. 
Eight  additioiud  incidents  of  near-collision  with  the 
ground  (6  in  VMC  and  2  in  marginal  VMC)  were  not 
coded  attributed  by  the  pilots  to  SD. 

Deflnitirmal  problems  definitely  contribute  to  the 
range  in  the  prc^rtion  of  accidents  attributed  to  SD. 
This  has  been  suggested  by  Singh  &  Navathe,  as  an 
explanation  for  the  low  proportion  of  accidents 
attributed  to  SD  in  the  Indian  Air  Force  (6).  Also, 
the  FAA  attributes  only  2.5%  of  all  accidents  to  SD 
(3rd  leading  cause),  yet  FAA  statistics  do  not  clarify 
the  relationship  of  SD  to  the  2nd  leading  cause  of 
accidents,  'continuing  VFR  flight  into  adverse 


weather.'  If  the  actual  contribution  of  SD  to  the 
latter  accident  category  were  to  be  made  explilcit,  the 
proportion  of  civilian  aircraft  accidents  attributed  to 
SD  would  undoubtedly  be  much  higher. 

Sound  accident  epidemiology  should  be  based  on  a 
study  of  actual  accident  rates  rather  than  proportions 
of  accidents  attributed  to  a  given  cause.  This  was 
illustrated  by  Table  I.  Another  example  of  the 
potential  for  misiq>plication  of  proportion  statistics  is 
the  apparently  lower  proportion  of  accidents 
attributed  to  SD  by  the  U.  S.  Navy  (5  %)  than  by  the 
USAF  (12%)  in  FY80-FY89.  This  lower  proportion 
is  entirely  due  to  an  overall  higher  accidoit  rate  for 
the  U.  S.  Navy  and  the  use  of  differmt  causality 
criteria  in  the  U.  S.  Navy  statistics.  The  Bellenkes, 
et  al,  study  included  only  accidents  with  SD  as  a 
'definite'  cause;  whereas  the  USAF  data  for  FY80- 
FY89  in  Table  I  also  included  those  in  which  SD  was 
a  'suspected'  contributor  (3).  The  actual  rates  for 
the  U.S.  Navy  for  'definite'  SD  (.16  per  100,000 
flying  hours)  and  for  'possible,'  'probable,'  and 
'definite*  SD  (.53)  are  actually  higher  than  the 
corresponding  USAF  rates  for  'definite*  contributor 
(.11)  and  'suspected*  and  'definite'  contributor 
(.24). 

The  distinction  between  accidents  caused  by 
inadequate  cockpit  attmition/task  management  or  other 
forms  of  loss  of  situational  awareness  (LSA)  and 
accidents  caused  by  SD  is  LOt  clear.  Recently, 
investigators  have  lunq^ed  LSA  related  accidents  with 
SD  into  one  large  LSA/SD  category  (18).  It  is  true 
that  most  SD  accidents  have  such  cockpit  attrition 
deficits,  and  that  some  attention-deficit  accidents 
involve  the  element  of  SD  in  the  mishap  sequence. 
Such  categorization,  however,  results  in  lumping  270 
(76%)  of  the  356  total  operations-factor  accidoits 
from  FY80  through  FY89  into  one  category. 

In  conclusion,  coding  for  SD  on  accident 
investigation  repotting  forms  is  not  consistent.  There 
are  individual  differences  in  knowledge  and 
perspective  between  the  flight  surgeons  who 
investigate  mishaps,  differences  between  these  flight 
surgetms  and  the  pilots  wlio  work  with  them  on 
accident  investigating  boards,  and  differences  in 
rqxnting  and  coding  policies  over  time.  There  is  a 
consensus  that  SD  represents  a  major  problem  in 
military  aviation.  A  scientific  approach  to  this 
important  problem  would  be  iacilita^  if  agreement 
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could  be  reached  on  definitional  and  semantic  issues. 
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10  EMViROHMEMTiL  FACTORS 


PHASES  OF  MISHAP 
A  •  ACC  I OCNT 
C  •  ESCAPC 
L  •  LANDING 
S  •  SURVIVAL  (Inelu^eM 
parachute  iandtnga) 
R  •  RESCUE 


FACTOR  IMPORTANCE 
0  •  ocfini tclv 
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Fig.  la.  Excerpt  from  AF  FORM  71  IgA,  Sep  76 


2  SENSORY  AND  PERCEPTUAL 

tiS  VISION  DEFICIT 

1 1 6  VISUAL  ACQUISITION 

117  VISUAL  (LIUSKDN 

110  VESTfBULAR  ILLUSION 

1 19  KINESTHETIC  ILLUSION 

\20  AUOrrORYCUES 

121  NOISE  INTERFERENCE 

122  veRATKDN 

^23  MISPERCEPTION  OF  SPEED 

1 24  A«SPEflCEPTlON  OF  DISTANCE 

125  MISPERCEPTION  OF  POSITION 

120  SPATIAL  DISORIENTATION  (TYPE  i)  UNRrcOGNIZED 

127  SPATIAL  disorientation  (TYPE  2)REC0GN1/ED 

120  SPATIAL  DtSORIENTATlOrj  (lYPF  3)  UNCONTROLLABLE 

129  '  OTHER 


Evaluate  each  factor  for  presence  and  the  significance  of  its  contrfeutk>n.  Mark  PRESENT  Factors  with  either  0, 1,  2,  3,  or  4 
from  contribution  scale.  If  Factor  NOT  PRESENT  leave  blank,  if  UNKNOWN  if  factor  PRESENT  mark  with  "U”. 

NONE  ^ ^ ^ 1  DEFWmE 

DISCUSS  PRESENT  FACTORS  IN  THE  HUMAN  FACTORS  PORTION  OF  THE  NARRATIVE _ 


Fig  1b.  Excerpt  from  AF  FORM  71  IgA,  Aug  89 


TABLE  I.  The  number,  proportion,  and  rate  of  USAF  accidents  caused  by  SD  for  four  consecutive  time 
periods. 


Years 

Total 

Accidents 

SD 

Accidents 

1958- 

68 

4,679^ 

281^ 

1980- 

87 

524^^ 

61^^ 

1988- 

89 

109 

13 

1990- 

91 

91 

13 

Proportion 
of  Total 
Accidents 

Total 

Flying 

Hours 

Rate  per 
100,000 
Flvine  Hours 

79,494,987 

.35^^^ 

n% 

26,898,849 

.23^^^ 

12* 

6,749,640 

.19^^^ 

14% 

7,050,521 

.18^^^ 

*Froni  Baraum  and  Bonner  (1) 

••From  Air  Force  Inspection  and  Safety  Center 

•••The  overall  rate  for  FY80-FY91  is  .21  per  100,000  flying  hours.  One  sided  binomial  probability  of  this  decrease 
in  rate  from  1958-1968  to  FY80-FY91  occuring  by  chance  =  .001. 
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TABLE  II.  The  proportion  of  all  accidents  caused  by  SD.  and  the  proportion  of  SD  accidents  occurring 
during  approach,  landing,  takeoff,  in  IMC  conditions,  and  at  night,  as  reported  for  various  flying 
populations. 


SD  Accidents  Occurring 
During  Specific  Conditions 


t 


Approach, 

SD  Accidents  As  landing. 

Author  %  of  all  accidents  or  takeoff  IMC  Night 

Bamum  &  6%  37% 

Bonner 

(U.  S.  Air  Force 
19S8-«8) 


Moser  9%  64%  73% 

(Air  Defense  Command) 

U.  S.  Air  Force  1964-67) 


Kirkham 

(U.  S.  Civilian) 

1968-75) 

Bellenkes 
et  al. 

(U.  S.  Navy 
1980-89) 

Vymwy-Jones 
(U.  S.  Army 
1980-87; 

Singh  & 

Navathe 

(Indian  Air  Force 
1980-87) 

Lyons 
et  al. 

(U.  S.  Air  Force 
1990-91) 


2.5%  89%  68%  26% 


5%  39%  48% 


14%  43%  55% 


2.5% 


14%  15%  23%  38% 


I 


I 
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TABLE  Hi.  The  proportion  of  each  type  of  operations-factor  mishap  caused  by  SD.  USAF  Inspection 
and  Safety  Center  coding  for  each  type  of  accident  is  in  parentheses.  Numerator  is  the  number  of  such 
accidents  attributed  to  SD.  Denominator  is  total  number  of  such  accidents. 


FY86 

FY87 

FY88 

FY89 

FY90 

FY91 

Collision  with  Ground 
(Non-Ibuige) 

-  Low-level 
navigation  (C20) 

0/2 

0/2 

0/5 

1/5 

3/3 

1/3 

-  Approach/Descent 
(C18.C19) 

0/0 

1/4 

1/2 

1/6 

0/2 

2/3 

-  Formation  (C21) 

0/0 

2/2 

0/1 

1/1 

1/1 

1/1 

-  VFR  in  IMC 

Condition  (C23) 

0/0 

1/1 

1/1 

1/1 

0/1 

0/0 

-  Aerobatics  (CC) 

1/2 

1/2 

1/4 

0/1 

0/1 

1/1 

Collision  with 

Ground  Range  (D) 

1/2 

3/3 

0/1 

0/0 

2/3 

2/2 

Pilot-induced 

Control  Loss  (B) 

1/9 

3/9 

2/7 

3/8 

0/6 

0/4 

Midair  Collision  (E) 

0/7 

0/4 

0/3 

0/1 

0/7 

0/2 

Pilot-induced  Takeoff 
and  Landing  (L.M) 

0/4 

0/2 

0/4 

1/8 

0/3 

0/1 

Other 

1/4 

0/1 

0/2 

0/3 

0/2 

0/2 

All  operations 
factor  mishaps 

4/30 

11/30 

5/30 

8/34 

6/29 

7/19 

TABLE  IV.  Nature  of  13  SD  Accidents  Occuring  During  FY90-FY91 


Crew 

Single  Seat 

6/13 

(46%) 

Dual  Seat 

6/13 

(46%) 

Multiplace 

1/13 

(8%) 

Fatal 

9/13 

(69%) 

Conditions  -  IMC 

1/13 

(8%) 

Night 

3/13 

(23%) 

NightAMC 

2/13 

(15%) 

Fall 

4/13 

(31%) 

Winter 

2/13 

(15%) 

Spring 

5/13 

(38%) 

Summer 

2/13 

(15%) 

Type  of  SD 

Type  I  (unrecognized) 

13/13 

1  (100%) 

Type  11  (recognized) 

0/0 

(0%) 

Type  III  (incapacitating) 

0/0 

(0%)* 

^OiK  accideol  reported  on  the  new  71  IgA  in  late  FY89  was  coded  as  SD  Type  HI. 
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TABLE  V.  Sensory/Perceptual  and  Situational  Awareness  Cofactors  of  SD  Accidents  Occuring  during 
FY90-FY91 . 


Sensory/ 


perceptual 
factors  coded 

-  Misperception  of  Position 

5/13 

(3g%) 

-  Vestibular  Illusion 

5/13 

(38%) 

-  Visual  Illusion 

2/13 

(15%) 

-  Kinesthetic  Illusion 

1/13 

(8%) 

-  Auditory  Cues  Deficient 

1/13 

(8%) 

-  Misperception  of  Distance 

1/13 

(8%) 

Situational 

awareness 

factors  coded 

-  Selective  Inattention 

4/13 

(31%) 

-  Channelized  Attention 

10/13 

(77%) 

-  Distraction 

5/13 

(38%) 

TABLE  VI.  Personal  Characteristics  and  Habits  of  Pilots  Involved  in  SD  Accidents  in  FY90-FY91 . 


Mean  (range)  for 

13  SD  Pilots 

Mean  for 
USAF 
Fighter 
Pilots 

Age  (years) 

33 

(27-41) 

33 

Total  Flying  Time  (h) 

1,687 

(440-2,%5) 

1,839 

Aircraft  Specific  Flying  Time  (h) 

635 

(219-1,679) 

778 

Time  Since  Last  Meal  (h) 

5.6** 

(2.6-13) 

— 

Time  Since  Last  Slept  (h) 

1.1* 

(3.5-14) 

— 

Duiatioa  of  Last  Sleep  (h) 

1.3* 

(5.8-9) 

— 

Cigarette  Smoker 

1/13 

(8%) 

6% 

*  Unlcaovni  fw  1  pilot 

**  Unknown  for  2  pilots 
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SJ  Dumford 

Consultant  Adviser  in  Aviation  Hedicine,  UK  Army, 
tn  OAAC,  Hiddle  Wallop,  Nr.  Stockbridge, 
Hants  S020  SOY,  England. 


This  paper  reports  the  findings  of  a 
questionnaire  survey  intended  to  gather 
information  on  the  genesis  and  severity  of 
disorientation.  440  UK  Army  aircrew  were 
targeted  and  the  response  rate  was  79X. 

The  survey  confirmed  the  high  incidence  of 
disorientation  (24X  of  aircrew  had  suffered  at 
least  one  episode  severe  enough  to  have  put 
fli{^t  safety  at  risk  at  some  point  during  their 
flying  career  and  6X  had  suffered  such  an  episode 
in  the  previous  4  sionths).  Only  10X  had  never 
suffered  any  disorientation. 

Factors  that  were  particularly  provocative  of 
disorientation  included  Instrument  Flying  and 
Night  Flying  (with  and  without  Night  Vision 
Goggles).  Although  both  were  associated  with  an 
increas^  INCIDENCE  of  disorientation  only  Night 
Flying  was  associated  with  an  increase  in 
SEVERITY  (as  assessed  by  the  threat  to  Flight 
Safety).  Episodes  during  daytim  Instrusent 
Flying  were  LESS  severe  than  those  during  daytime 
Visual  Flying  until  cases  of  the  'leans'  were 
excluded  from  the  analysis,  following  which  the 
trend  was  reversed  (although  only  to  a  nurginally 
significant  level).  Interestingly,  episodes 
during  NVG  Flying  did  not  appear  to  be  more 
severe  than  those  during  ordinary  Night  Flying 
(except  insofar  that  there  was  an  increased  risk 
of  another  crewsember  being  simultaneously 
disorientated  -  see  below).  Other  factors 
relevant  to  the  'severity'  of  episodes  included 
weather  conditions  (such  as  rain  or  snow),  state 
of  mind  (whether  bored,  tired  or  distracted), 
location  (with  episodes  occurring  in  the  Gulf 
being  particularly  severe)  and  crew  coaposition. 

Aircraft  type  had  a  possible  effect  since 
manoeuvres  in  Gazelle  aircraft  were  more  likely 
to  be  associated  with  increased  'severity'  of 
disorientation  than  were  smnoeuvres  in  other 
aircraft.  These  findings  might  be  contaminated 
by  confounding  factors  and  should  be  treated  with 
caution  -  although  they  agree  with  the  strong 
subjective  views  of  the  aircrew.  In  contrast, 
episodes  in  Lynx  sircraft  •  particularly  at  night 
on  NVG  -  were  significantly  associated  with  an 
increased  risk  of  both  crewamaters  bsing 
disorientated  siasiltaneoualy.  TAKING  THE  DATA 
FRCM  ALL  AIM»AFT  TYPES,  goni  (SIENMEMERS  WERE 
DISORIENTATED  IN  4491  OF  ALL  EPISODES  INVOLVING 
NVGS. 

Aircrew  qualifications  (including  Instruamnt 
Rating)  were  not  associated  with  the  severity  of 
episodes  suffered  -  except  that  episodes 
involving  Aircraft  Coaiandars  were  store  likely  to 
be  claased  aa  jeopardising  flight 


safety  than  episodes  involving  Co-pilots.  Flying 
experience  (in  terms  of  hours)  gave  a  mixed 
picture  which  probably  reflects  a  nunber  of 
conflicting  trends. 

An  analysis  of  narratives  indicated  that  episodes 
that  were  purely  vestibular  in  origin  were  almost 
always  cases  of  the  'leans'  and  tended  to  be  of 
minor  consequence.  By  contrast,  the  circuaistance 
most  associated  with  'severe'  disorientation  was 
inadvertent  entry  into  Instrusent  Meteorological 
Conditions  (IMC)  -  particularly  when  it  was 
followed  by  a  recovery  to  Visual  rather  than 
Instrusent  flight. 

Information  was  also  gathered  on  the  incidence  of 
'Break  Off'  phenomenon.  16X  of  aircrew  had 
suffered  at  least  1  episode  at  some  point  of 
their  career  -  and  3X  had  suffered  to  the  extent 
of  flight  safety  being  put  at  risk.  Only  1 
respondent  (0.3X)  had  suffered  to  that  extent 
during  the  previous  4  months  -  although  4X  had 
suffered  to  a  lesser  degree. 

Aircrew  comments  show  that  they  consider  spatial 
disorientation  to  be  a  real  threat  to  their 
safety  and  are  appreciative  of  the  training  that 
they  already  receive  (including  the  airborne 
disorientation  training  sortie).  They  also 
believe  that  the  ergonomics  of  their  aircraft  are 
not  fully  optimised  to  reduce  the  risks  and 
assist  in  recovery.  Operators  need  to  be  made 
aware  of  the  incidence  of  disorientation,  the 
areas  where  flight  safety  is  most  at  risk,  the 
influence  of  current  and  new  equipments,  and 
where  the  most  cost  effective  solutions  lie. 

INTWWICTION. 

until  90  odd  years  ago  nothing  in  the  3000 
million  year  evolutionary  history  of  Mankind  had 
directly  concerned  his  ability  to  fly.  Instead, 
his  physiology  was  optimised  natural  selection 
for  a  2-diaienBional,  terrestrial,  tropical,  low 
speed  and  low  acceleration  existence.  It  should 
therefore  surprise  no-one  that  husans  who  take  to 
the  air  soawtimes  suffer  failures  of  physiology 
and  perception  that  leave  them  confused  as  to  how 
they  or  their  aircraft  are  orientated.  This,  of 
course,  is  dangerous,  and  in  the  UK  Anay  spatial 
disorientation  (as  defined  as  a  failure  to 
correctly  determine  one's  attitude  or  motion 
relative  to  the  Earth's  surface  or  its 
gravitstiortal  pull)  has  historically  caused  about 
15-20X  of  our  accidents  and  some  30X  of  our 
fatalities  (1,2). 

In  an  attespt  to  educate  aircrew  as  to  their 
physiological  limits  an  airborne  'Disorientation 
Training  Sortie'  was  introduced  in  the  mid 
1960's.  This,  coabined  with  changes  in 
procedures  and  equipsmnts,  has  altered 
circumstances  to  such  a  degree  that  it  um 
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considered  necessary  to  carry  out  an  assessment 
of  the  present  Incidence  and  severity  of 
disorientation  episodes.  A  questionnaire  survey 
was  carried  out  in  1991,  with  the  aim  of 
gathering  information  on  disorientation  together 
with  related  factors  that  might  be  considered 
provocative  or  might  influence  severity  or 
resolution. 

In  addition,  information  was  sought  on  the 
incidence  of  'break  off'  phenomenon.  This 
pherwmenon  is  not  true  spatial  disorientation  but 
is  often  considered  in  association  with  it.  It 
is  characterised  by  feelings  of  detachment, 
isolation  and  unreality.  Victims  may  feel  that 
the  aircraft  is  balanc^  on  a  knife  e^  or  -  in 
severe  cases  -  that  they  are  'looking  in  on 
themselves  from  outside  the  cockpit'.  Uhile 
associated  primari ly  with  long,  monotonous,  fixed 
wing  flights  at  high  level  with  poor  visual  cues, 
it  is  rwt  unknown  in  helicopter  aircrew 
(1,3,4,6,8). 

The  aim  of  this  part  of  the  survey  was  to 
discover  the  inciderKe  of  this  anxiety  provoking 
event  aaxxigst  current  Army  aircrew.  No  atteiqpt 
to  relate  it  to  any  specific  factors  was  planned. 

mtmxs. 

A  10  sided  questionnaire  was  posted  to  440  Army 
aircrew.  Full  confidentiality  was  promised  but 
the  names  of  respondents  were  requested  so  that 
answers  could  be  clarified  and  so  that  non- 
responders  could  be  followed  14).  If  no 
clarification  was  required  the  nam  of  the 
respondent  on  the  completed  questionnaire  was 
destroyed. 

Subjects  were  selected  from  a  list  of  Army 
aircrew  provided  by  the  postings  branch.  They 
were  not  stratified  by  rank,  age  or 
qualification,  and  they  were  representative  of 
Army  aircrew  as  a  whole. 

Tin  Owstieiwimire. 

The  questionnaire  had  5  main  parts.  The  first 
asked  for  personal  details  while  the  second 
concerned  flying  experience,  qualifications  and 
currency. 

The  third  section  asked  for  details  about 
disorientation  broken  down  over  2  periods  -  the 
respondent's  whole  career  and  the  4  months 
previous  to  the  swvey.  For  each  period, 
identical  and  apecif  ic  questions  were  asked  about 
the  incidence  of  disorientation  and  details  were 
sought  of  the  'worst'  episode  suffered. 
Infonaetion  was  requested  on  aircraft  type, 
equipawnt  in  use,  sortie  type,  experience  at  the 
time  of  the  episode,  flight  conditions,  flight 
manoeuvres,  crew  position,  state  of  health  and 
stata  of  mind.  Irief  narrative  descriptions  were 
requested  aa  wall.  'Break  off'  waa  specifically 
excluded  (except  for  a  specific  request  for 
information  on  its  incidarKS)  aa  was 
'geographical  diaorientation'  (or  getting  lost). 
Underlying  the  whole  section  were  definitiorts  of 
severity  baaed  on  flight  safety  implications: 

'NIMR'  episodes  were  thoae  in  which 


flight  safety  had  not  been  jeopardised. 

'SIGNIFICANT'  episodes  were  those  in 
which  flight  safety  had  not  been 
jeopardised  but  in  which  it  might  have 
been  put  at  risk  if  circumstances  had 
been  different  (e.g.  solo  or  close  to  the 
ground). 

'SEVERE'  episodes  were  those  in  which 
flight  safety  had  been  jeopardised. 

These  classifications  should  not  be  confused  with 
similar  SENSATION  AND  CONTROL  BASED 
classifications  devised  by  Nuttall  in  1956  and 
used  since  by  others  (4,5,8). 

Also  in  this  section  was  a  request  to  grade 
different  sortie  types  and  different  aircraft 
types  on  their  likelihood  to  induce 
disorientation. 

The  fourth  section  concerned  current 
disorientation  training  (and  in  particular  the 
airborne  sortie)  uhile  the  fifth  section  provided 
a  blank  sheet  of  paper  for  comments  on  any  aspect 
of  disorientation  considered  important. 

RESULTS. 

Reaponse  Rate. 

Following  one  reminder  to  non- responders  the  raw 
response  rate  was  79X  (total  returned  =  347). 
The  questionnaire  was  sent  out  at  a  time  of 
turbulence  soon  after  the  end  of  the  Gulf  War  and 
when  'non-responders'  were  further  followed  up  it 
was  found  that  most  had  a  reasonable  'excuse' 
such  as  being  in  hospital,  being  heavily  involved 
in  disciplinary  action(l)  or  not  having  received 
the  qjestionnaire.  (The  'cooked'  response  rate 
therefore  came  to  a  staggering  94X.  This 
presumably  reflects  the  seriousness  with  which 
aircrew  consider  such  subjects.)  In  the  event, 
338  of  the  returned  questionnaires  were 
sufficiently  useful  for  entry  into  the  survey. 

iwi^i  i-f i«-aticna  and  Experience  of  Rcanondmta. 

The  age  of  the  respondents  ranged  from  22  to  54 
years  (mean  33.2,  std  dev  5.9  and  mode  32).  20X 

of  respondents  were  Qualified  Instructors  (QHIs), 
59X  were  Aircraft  Coamanders  (Ac  Comds)  and  22X 
were  Co-Pilots.  Total  Flying  Hours  ranged  from 
79  to  8869  (mean  1903,  std  dev  1499).  Total 
flying  hours  in  the  previous  4  months  ranged  from 
0  (n>11)  to  241  (laean  89,  std  dev  51). 

Aliaost  all  respondents  were  Rotary  Wing  (RU) 

aircrew  (8  were  current  on  both  Fixed  Wing  (FU) 

and  RW  aircraft,  uhile  6  were  current  on  FU 
aircraft  only). 

Incidaocm  of  Bigwientmtion. 

Over  the  whole  of  the  respondents'  flying 
careers: 

34  (10X)  had  never  been  disorientated. 

281  (83X)  had  suffered  at  least  one 

'minor'  episode. 

188  (S6X)  had  suffered  at  least  one 

'significant'  episode. 
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S2  (24X)  had  suffered  at  least  one 

'severe'  episode. 

In  the  4  full  calender  ironths  prior  to  the 
survey: 

140  (43X)  had  not  suffered  even  a  single 
episode. 

143  (44X)  had  suffered  at  least  one 
'minor'  episode. 

35  (11X)  had  suffered  at  least  one 

'significant'  episode. 

16  (SX)  had  suffered  at  least  one 

'severe'  episode. 

(These  figures  -  which  come  from  section  2  of  the 
questionnaire  -are  slightly  at  odds  with  those 
that  can  be  derived  from  section  3  where 
respondents  were  asked  to  describe  their  worst 
episode  in  the  previous  4  month  period.  These 
figures  would  show  37  (11X)  had  suffered  a 
'significant'  episode  and  20  (6X)  had  suffered  a 
'severe'  episode.) 

'Marat  Ever*  and  'Uorst  in  the  Past  4  Months' 

There  were  308  'Worst  Ever'  episodes  described. 
(Of  these  81  had  occurred  in  the  4  months 
previous  to  the  survey  and  were  analyzed  for  most 
purposes  with  the  '4  month'  group  in  order  to 
avoid  events  being  shared  by  both  groups.)  Of 
the  remaining  'Worst  Ever'  group: 

50  (22X)  were  classed  by  respondents  as 
'minor'. 

109  (48X)  were  classed  as  'significant'. 

68  (30X)  were  classed  as  'severe'. 

In  the  'Worst  Episode  in  4  Months'  group  (total 
mmber  =  186): 

129  (69X)  were  classed  by  respondents  as 
'minor'. 

37  (20X)  were  classed  as  'significant'. 

20  (11X)  were  classed  as  'severe'. 

Some  of  these  '4  Month'  episodes  were  from  the 
Gulf  War  -  stripping  these  out  to  produce 
'peacetime'  figures  leaves  125  (38X  of  non-Gulf 
airc.'ew)  whose  worst  episode  had  been  'minor',  32 
(10X)  whose  uorst  episode  had  been  'si^iif icant' 
and  12  (4X)  who  had  suffered  a  'severe'  episode. 

miewnt  Factors. 

To  assess  the  influence  of  specified  factors  on 
disorientation  the  severity  of  the  'worst  ever' 
and  'worst  in  4  months'  episodes  were  analyzed 
against  details  requested  in  the  questionnaire. 
For  sosie  factors  it  proved  necessary  to  combine 
the  data  from  both  the  'worst  ever'  and  'worst  in 
4  months'  groups  in  order  to  achieve  satisfactory 
rambers.  Unless  specified,  all  probability 
figures  reflect  Pearson  correlations  derived  from 
Chi  Squared  testing. 


There  are  several  possible  factors  associated 
with  age  that  might  have  an  effect  on  the 
incidence,  severity  or  subjective  assessment  of 
disorientation.  For  example,  older  age  groups 
may  have  flown  a  wider  variety  of  aircraft  under 
more  (or  less)  challenging  conditions.  The 
results  below  -  which  are  given  for  the  record  - 
should  therefore  be  interpreted  with  care. 

When  banded  into  five  year  age  groups,  there  was 
a  marginally  significant  relationship  between  the 
age  of  the  respondent  at  the  time  he  filled  in 
the  questionnaire  and  the  severitv  of  his  'Worst 
Ever'  episode  (p^.049).  Younger  respondents 
were  more  likely  than  those  who  were  older  to 
have  graded  their  'worst  ever'  episodes  as 
'significant'  and  less  likely  to  have  graded  them 
'severe'.  The  strongest  statistical  relationship 
was  obtained  by  breaking  the  respondents'  ages 
into  2  groups  -  age  35  or  less  and  age  36  or  more 
(p=0. 00051).  Interestingly,  no  trends  for 
'minor'  episodes  were  apparent  and  when  'severe' 
and  'significant'  epis(^s  were  amalgamated  all 
trends  disappeared  (p=0.89). 

There  was  a  highly  siqiificant  relationship 
between  age  and  the  likelihood  of  reporting 
disorientation  in  the  previous  4  months.  Older 
age  groups  were  LESS  likely  to  report  an  episode 
(p=0.0034  for  5  year  age  bands).  However,  no 
significant  trend  could  be  established  between 
age  and  SEVERITY  of  the  worst  episode  in  the 
previous  4  months  (p=0.748). 

The  confounding  factors  that  exist  in  some  of 
these  findings  are  exemplified  by  the  results  of 
a  review  of  the  types  of  aircraft  flown  during 
the  'worst  ever'  episodes.  This  showed  a  highly 
significant  difference  for  age  groups  35  or  less 
and  36  or  more  (p=0. 00001)  with  the  older  age 
group  quoting  a  lower  frequency  of  Gazelle  and 
Lynx  aircraft  and  a  higher  frequency  of  Scout  or 
'other  military'  aircraft.  There  was  MO 
significant  relationship  found  between  age  and 
the  type  of  aircraft  quoted  in  the  '4  month' 
worst  episodes. 

Flying  Hours. 

Flying  hours  and  age  are  closely  linked.  The 
mixed  picture  that  appeared  for  flying  hours  must 
be  assessed  with  the  sasie  caution  used  for 
'onsidering  the  effects  of  age.  Nonetheless, 
there  were  interesting  results. 

No  significant  difference  in  flying  experience  - 
in  terms  of  total  hours  -  could  be  desnnstrated 
between  those  who  had  been  disorientated  at  least 
once  and  those  who  stated  that  they  had  never 
been  disorientated  (mean  hours  =  1952  and  1882 
respectively,  T-test  p=0.71). 

The  peculiar  non-linear  relationship  between 
flying  experience  (in  terms  of  total  flying 
hours)  and  the  severity  of  the  'worst  ever' 
disorientation  episodes  is  demonstrated  in  Table 
1  -  which  cites  flying  experience  AT  THE  TIME  OF 
THE  EPIS(X)E  against  severity.  No  differences 
between  the  'minor'  and  'severe'  groips  are 
apparent  whereas  the  intermediate  'SIGNIFICANT' 
group  has  a  statistically  siqiificant  LOWER  level 
of  experience.  (Break  down  of  total  flying 
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hours  showed  that  the  pattern  was  no  different 
for  night,  day  and  instrunent  flying.)  A  similar 
statistically  significant  picture  was  obtained 
for  charting  flying  experience  AT  THE  TIME  OF 
FILLING  IN  THE  QUESTIONNAIRE 
against  severity  of  the  'worst  ever'  episode. 

The  pattern  was  NOT  repeated,  however,  for  the 
'worst  episode  in  the  last  4  months'  data  (Table 
2).  Here  the  'MINOR'  group  had  the  GREATEST 
level  of  experience,  as  one  might  expect.  The 
differences  between  the  'minor'  and  the  other  2 
groups  were  statistically  significant,  bu. 
although  the  trend  persisted  into  the 
'significant'  and  'severe'  groups  the  difference 
between  these  was  statistically  very 
insignificant  (p=0.88). 

This  last  pattern  was  repeated  at  a  statistically 
insignificant  level  when  the  severity  of  the 
'worst  episode  in  the  past  4  months'  was  analyzed 
against  total  career  hours.  No  significant 
relationship  between  severity  of  episode  and  the 
total  flying  hours  in  the  previous  4  months  could 
be  demonstrated. 

Meteorological  Conditions. 

Disorientation  episodes  were  much  more  likely  to 
be  'significant'  or  'severe'  if  they  occurred 
during  VISUAL  Meteorological  Conditions  (VMC) 
rather  than  during  INSTRUMENT  Meteorological 
Conditions  (IMC).  This  surprising  result  was 
true  of  both  'worst  ever'  episodes  and  'worst  in 
4  months'  episodes  (p=0.01  and  p=0.02 
respectively).  If  cases  of  the  'leans'  were 
stripped  out  of  the  figures,  however,  the 
tendency  was  for  IMC  to  be  associated  with 
marginally  MORE  severe  episodes  (p°0.082  for  the 
'combined'  data). 

This  picture  of  the  differences  between 
Instrument  Flying  (IF)  and  VMC  flying  was 
supported  by  the  responses  to  a  question  about 
outside  visual  references.  Here,  episodes 
suffered  during  IF  (including  those  'un^r  the 
hood')  were  si^iif icantly  more  likely  to  be  rated 
as  'minor'  in  both  the  'worst  ever'  and  'worst  in 
4  months'  gro^^js  (p°0.0002  and  p=0.003 
respectively).  Once  episodes  of  the  'leans'  were 
stripped  out,  no  statistically  significant 
differences  could  be  deonnstrated  (p=0.165  for 
both  groups  combined).  If  light  conditions  were 
considered  in  addition,  however,  statistical 
differences  did  occur  -  with  Instrimient  Flight  at 
ni^t  being  associated  with  increased  numbers  of 
'severe'  episodes  (see  'light  conditions'  below). 

J 

Although  overall  episodes  occurring  during  IF 
were  less  severe  than  those  occurring  in  WC, 
they  appeared  to  be  asjch  more  frequent.  The  SX 
of  total  flying  tiiae  that  respondents  had  spent 
on  instruaents  produced  75X  of  the  'worst  ever' 
episodes.  Similarly,  7X  of  the  flying  time  for 
the  4  months  previous  to  the  survey  had  been 
spent  on  instruaents  and  this  produced  SOX  of  the 
'worst  in  the  past  4  months'  episodes.  A  maber 
of  episodes  in  both  groups  were  cases  of  the 
'leans'  -  but  reaioving  these  still  left  17X  of 
all  episodes  being  generated  by  the  SX  of  total 
f l>  ng  time  that  had  been  spent  on  instruaents. 


spent  Instricaent  Flying  in  the  4  months  previous 
to  the  survey  (whether  ;>iinulated,  actual  or  both) 
and  the  SEVERITY  of  the  worst  '4  month'  episode. 


With  regard  to  other  weather  conditions,  no 
relationship  could  be  demonstrated  between 
overcast  conditions  and  the  severity  of  'worst 
ever'  or  'worst  in  4  months'  episodes  (even  when 
the  data  were  combined).  For  rain,  however,  the 
combined  groups  showed  a  tendency  for  rain  to  be 
associated  with  increasing  severity  of  episode 
(p=0.011).  This  appeared  to  be  particular. y  true 
at  night  (see  'light  conditions'  below).  There 
was  also  a  statistically  significant  relationship 
between  snow  effects  and  increased  severity  for 
the  'worst  ever'  episodes  (p=0.012).  This  could 
not  be  repeated  in  the  'worst  in  4  months'  data, 
probably  because  of  lack  of  nunbers  (n=3);  but 
when  the  data  were  combined  the  significance  was 
strengthened  (p=0.0008). 

No  increasing  severity  from  episodes  associated 
with  going  in  and  out  of  cloud  could  be 
demonstrated,  despite  a  lot  of  comments  from 
resporxients  suggesting  that  they  find  this 
particularly  provocative. 

Light  Cofxiitions. 

Both  'Worst  ever'  and  'worst  in  4  months' 
episodes  were  significantly  more  serious  when 
they  occurred  at  night  (p=0.0002  and  p=0.0001 
respectively).  The  pattern  appeared  the  same 
for  both  Night  Vision  Goggle  sorties  and  normal 
niqht  flying  (no  significant  difference  could  be 
shown  between  the  groi4>s,  p=0.93).  No  moon  phase 
effects  could  be  shown  during  night  flying 
(whether  on  or  off  Night  Vision  Goggles)  and 
'into  svxi'  or  'out  of  sun'  effects  could  be  shown 
during  day  flying.  No  'haze'  effects  could  be 
shown  for  any  light  conditions. 

Night  flying  also  appeared  to  be  generally  more 
provocative  than  day  flying  in  that  night  flying 
(non-NVG)  accounted  for  only  7X  of  total  flying 
hours,  but  accounted  for  26X  of  'worst  ever' 
episo^s.  The  figures  for  NVG  are  of  flying 
hours  and  SX  of  episodes.  These  figures  are 
supported  by  the  'worst  in  4  months'  results 
(non-NVG  7X  of  hours  and  12X  of  episodes,  NVG  SX 
of  hours  and  1A  of  episodes).  However  -  as  with 
Instrument  Flying  -  no  relationship  could  be 
demonstrated  between  the  nuiber  of  hours  spent 
Night  Flying  in  the  previous  4  months  (whether  on 
or  off  Night  Vision  Goggles)  and  the  SEVERITY  of 
the  worst  '4  month'  episode. 

The  effect  of  doy/night  conditions  appeared  to 
spill  over  into  Instruaent  Flying  -  daytisie  IF 
did  not  appear  to  be  more  provocative  than  day 
VMC  flying  (p=0.42),  while  night  IF  had  an 
increased  tendency  to  severity  (p=0.01S  if 
episodes  of  the  'leans'  are  included,  psO.008  if 
they  are  not).  This  may  reflect  the  increased 
risk  of  inadvertent  IMC  entry  at  night  -  a 
possibility  strengthened  by  the  similar  pattern 
for  flight  in  rain  (p=0.541  for  day,  p>0.0643  for 
night).  The  increased  severity  associated  with 
snow  appeared  to  be  independent  of  day  or  night 
conditions. 


( 


Despite  the  raised  incidence,  NO  relationship 
could  be  demonstrated  between  the  nudier  of  hours 


32-5 


Outside  Visual  References. 

No  significant  relationship  DURING  INSTRUMENT 
FLYING  could  be  found  between  the  severity  of 
disorientation  episodes  and  outside  visual 
references  (as  graded  'good',  'acceptable'  or 
'bad'  by  respondents). 

For  VISUAL  FLYING,  there  was  a  trend  for 
increasing  severity  with  worsening  outside  visual 
references  but  this  did  not  reach  statistical 
significance  for  the  'worst  ever'  group.  For  the 
'worst  episode  in  4  months'  group  it  was  highly 
significant  at  the  p=0.001  level.  For  both 
caat>{ned,  the  significance  was  heightened 
(p=0. 00089).  Yet  again,  there  were  strong  day 
/night  effects  (p=0.415  by  day,  n=74,  and 
p=0.0071  by  night,  n=91).  No  differences  were 
detectable  between  the  effects  of  different 
grades  of  outside  visual  references  on  NVG  and 
non-NVG  flight. 

Sortie  Types. 

Using  General  Handling/Familiarisation  sorties  as 
a  standard,  no  significant  differences  in  the 
severity  disorientation  episodes  were  detected 
for  the  following  sortie  types  or  conditions: 
Military  Exercises,  Observation  and 
Reconnaissance,  Armed  Action,  Casevac  or  Transit 
Flying.  (These  figures  are  for  the  combined 
'worst  ever'  and  'worst  in  4  months'  data.) 

Troop  Insertions  showed  a  statistically 
significant  increase  in  'severe'  episodes 
(p=0.016).  Too  few  of  these  sorties  were 
reported  for  further  statistically  significant 
analysis  (n=23),  but  no  changes  in  the  pattern 
were  apparent  when  breaking  the  sorties  down  by 
day/night/nvg.  There  are  a  nuaber  of  confounding 
factors  present  in  this  result  -  for  example, 
most  troop  insertions  were  in  Lynx,  Scout  or  A109 
aircraft  and  only  2  involved  the  Gazelle.  Nine 
were  in  Northern  Ireland  and  5  in  the  Gulf. 

Instrument  Flying  sorties  showed  NO  statistically 
significant  difference  to  the  'standard'  sorties 
although  the  trend  was  for  a  relative  over¬ 
representation  in  'minor'  episodes  (p=0.084). 
When  cases  of  the  'leans'  are  excluded  the 
figures  became  insignificant  (p=0.433).  No 
differences  were  detectable  between  instrument 
Flying  in  simulated  or  actual  conditions  (p=0.998 
with  the  'leans'  included  and  p=0.6441  when  they 
are  not).  Similarly,  there  were  no  significant 
differences  or  apparent  trends  when  Instrument 
Flying  in  'actual'  conditions  was  analyzed 
according  to  whether  it  was  for  training  or  non¬ 
training  purposes. 

Mountain  Flying  Sorties  (n=17)  showed  NO  trends 
compared  with  the  'standard'  sorties  (p=0.407). 

These  results  are  at  odds  with  the  subjective 
views  of  respondents  who  were  asked  to  grade 
sortie  types  on  their  likelihood  to  provoke 
disorientation  using  a  scale  of  1-7  where  one  was 
'much  less  likely  to  induce  disorientation  than 
other  types',  4  was  average  and  7  was  'much  more 
likely  to  induce  disorientation'.  Two  distinct 
groups  were  generated.  Those  that  were  NOT  seen 
as  provocative  had  average  marks  of  between  2  and 
3  and  comprised;  Military  Exercises,  Observation 
and  Reconnaissance,  Armed  Action,  Casevac, 


Familiarisation  Flying  and  General  Handling.  The 
PROVOCATIVE  groL^  all  had  average  marks  of 
between  5  and  6  and  comprised;  Mountain  Flying, 
Simulated  Instrument  Flying  and  Actual  Instrument 
Flying.  A  Friednan  analysis  ranked  them  in  that 
order  (the  last  being  most  provocative)  (Friednan 

p=0.0000). 

Aircraft  Type. 

Resporvients  were  also  asked  to  grade  Aircraft 
Type  in  a  similar  manner  to  sortie  type.  (They 
were  specifically  asked  to  consider  aircraft  type 
and  sortie  type  independently  and  to  not  allow 
the  effects  of  one  to  influence  their  views  on 
the  other.)  Helicopters  in  coomon  use  were 
ranked  by  a  Friecknan  analysis  as;  Lynx,  Scout, 
Lynx  Simulator  and  Gazelle  (with  the  last  being 
most  provocative)  (p=0.0004).  Mean  scores  from 
respondents  were  3.30,  4.01,  4.14,  and  4.30 
respectively.  There  were  too  few  assessments  of 
Fixed  Wing  aircraft  for  useful  analysis  (n=12). 

An  analysis  of  these  3  main  helicopter  types 
(Scout,  Lynx  and  Gazelle)  against  the  severity  of 
'worst  ever'  episodes  revealed  no  statistically 
significant  differences,  although  there  was  a 
trend  for  Scout  to  be  over-represented  in 
'severe'  episodes.  For  the  'worst  in  4  months' 
figures  the  trend  was  for  over -representation  of 
Lynx  in  'severe'  episodes.  There  are  confounding 
factors  at  play  such  as  variations  in  flying 
experience,  solo  flying  and  sortie  types. 

Attempts  to  conpare  Lynx  against  Gazelle  under 
specific  conditions  revealed  no  significant 
differences  in  the  severity  of  the  'worst  in  4 
months'  episode  for  ordinary  night  flying 
(p=0.50),  day  flying  (p=0.33),  IF  (p=0.328)  or 
outside  visual  references  (p=0.246).  During  NVG 
use  there  was  a  trend  for  Lynx  to  be  associated 
with  episodes  of  increased  severity  (p=0.095). 
This  is  interesting  when  put  beside  the 
likelihood  of  2  crew  members  being  disorientated 
at  the  same  time  (see  'Other  Members  of  the  Crew 
Disorientated'  below).  Also  interesting  are  the 
results  of  the  analysis  of  flying  manoeuvres, 
when  broken  down  by  aircraft  type  (see  'Flying 
Manoeuvres'  below). 

Flying  Manoruvres. 

A  mostly  unsuccessful  attempt  was  made  to  assess 
the  influence  of  various  flight  paths  or 
manoeuvres  (straight  and  level,  turning, 
climbing/descending  or  accelerating/decelerating) 
by  comparing  them  against  each  other  DURING 
INSTRUMENT  FLIGHT.  The  combined  'worst  ever'  and 
'worst  in  4  months'  data  were  analyzed. 

Using  straight  and  level  flight  as  a  'standard', 
no  trends  in  the  severity  of  episodes  could  be 
discovered  for  any  manoeuvres,  except  for  an 
over-representation  of  'si(R)if icant'  and  'severe' 
episodes  during  acceleration  or  deceleration 
(p=0.069).  The  trend  was  made  marginally 
stronger  when  considering  Gazelle  aircraft  alone 
(p=0.051)  despite  the  reduction  in  mnbers  (n=34 
from  n=59).  Using  Gazelle  aircraft  alone,  an 
increase  in  severity  for  episodes  involving 
climbing  or  descending  also  became  apparent 
(p=0.054  as  opposed  to  p=0.232  for  all  aircraft 
types  combined).  Manoeuvres  involving 
acceleration  or  deceleration  also  frequently 
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involved  cliabing  or  descending  (S2X  of  Gazelle 
accelerations/decelerations,  8SX  of  all  aircraft 
accelerations/decelerations)  -  it  is  therefore 
difficult  to  analyze  these  manoeuvres  by 
themselves.  If  episodes  of  the  'leans'  are 
excluded  from  the  analysis,  no  significant 
relationship  could  be  demonstrated  between 
severity  of  episode  and  any  manoeuvre 
(irrespective  of  aircraft  type)  -  but  this  may 
partly  reflect  the  reduc^  numbers  in  the 
equations. 

A  similar  picture  was  produced  when  manoeuvres 
were  analyzed  by  their  presence  or  absence  during 
an  episode  -  rather  than  against  a  'standard'. 
Table  3  gives  the  results.  Both  climbing  (or 
descending)  and  accelerating  (or  decelerating) 
were  associated  with  increased  severity  of 
episodes  -  until  cases  of  the  'leans'  were 
removed,  following  which  no  significant 
relationships  could  be  demonstrated.  For 
climbing  or  descending  the  significance  level 
remained  about  the  saoie  when  the  Gazelle  was 
considered  by  itself  (p=0.0484)  despite  the  drop 
in  mmbers.  This  was  not  so  for 
acceleration/deceleration,  where  the  'all 
aircraft  types'  data  was  more  significant 
(p°0. 00718)  than  for  the  Gazelle  alone  (p=0.10). 
There  was  no  significant  relationship  between  the 
incidence  of  the  'leans'  and  the  Gazelle  when 
compared  to  other  aircraft  (p=0.935). 

It  was  felt  that  there  were  too  many  confounding 
factors  present  for  any  sensible  analysis  of 
flight  manoeuvres  occurring  OUTSIDE  Instruaent 
Flight.  Differences  were  present,  however,  with 
indications  of  type  specific  influences.  (For 
example,  episodes  involving 
acceleration/deceleration  in  the  Gazelle  were 
associated  with  increased  severity  (p=0. 00129). 
No  such  association  existed  for  Lynx  (ps0.8S8)). 
These  results  should  be  treated  with  caution  both 
because  of  the  confounding  factors  mentioned 
before  (which  would  include  variations  in  pilot 
experience,  sortie  type  and  location)  and  because 
of  differences  in  the  rsmbers  of  each  aircraft 
type  considered. 

Crew  Position. 

'Worst  ever'  episodes  were  more  likely  to  be 
'severe'  and  less  likely  to  be  'significant'  for 
those  who  were  the  Aircraft  Commander  at  the  time 
of  the  episode  when  cospared  to  those  who  were 
the  Co-pilot  (pBO.O(N>3).  This  pattern  is  not  the 
result  of  Instrusient  Flying  Training  (during 
which  any  pilot  might  become  a  Co-pilot  'under 
the  hood')  since  it  was  unaffected  by  stripping 
out  episodes  of  the  'leans'  (p-0.03)  or  when 
conside'-ing  VNC  flying  only  (p«0.07). 

This  diffeience  between  aircraft  eommanders/co- 
pilots  was  not  repeated  in  the  'worst  episode  in 
4  months'  data  despite  the  very  similar  numbers 
(p>0.48).  The  coafcined  groups  showed  a  pattern 
similar  to  that  of  the  'worst  ever'  grotf)  alone. 

WiiiNlwrt.  in  Crwt 

For  the  'worst  ever'  group,  the  crew  composition 
had  a  significant  effect  on  the  severity  of 
episodes.  'Severe'  episodes  were  more  likely  to 
have  occurred  to  solo  aircrew  rather  than  2-pilot 
or  pilot/aircrewsMn  combinations  (psO.(N)7). 


Similarly,  Aircraft  Coananders  flying  with 
Aircrewmen  had  more  'significant'  and  'severe' 
episodes  than  when  they  flew  with  Co-pilots 
(p=0.027). 

The  'worst  in  4  months'  group  showed  no 
statistically  significant  trends  (but  the  nimber 
of  solo  aircrew  was  only  16).  When  the  2  groups 
were  combined  the  significance  levels  rose.  (For 
example,  the  increase  in  severity  when  an 
Aircraft  Commander  was  flying  with  an  Aircrewman 
as  opposed  to  a  Co-pilot  reached  p=0. 00029.  The 
difference  persisted  both  VMC  and  INC;  p=0.005 
and  p=0.06  respectively.) 

Other  Members  of  the  Crew  Disorientated. 

In  41  (18X)  of  'worst  ever'  episodes  both  front 
seat  crewmenbers  were  disorientated  (in  22  the 
Aircraft  Commander  reported  that  his  Co-pilot  or 
Aircrewman  had  also  been  disorientated,  in  19  it 
was  vice  versa).  One  Ac  Comd  reported  that  a 
full  crew  in  another  aircraft  had  also  been 
disorientated!  Episodes  involving  disorientation 
of  both  crew  members  were  more  likely  to  be 
graded  'severe'  and  less  likely  to  be  graded 
'significant'  (p=0.0166).  Comparison  within  this 
grotp  showed  differences  in  severity  dependant  on 
the  other  crewmember's  position.  If  the  other 
crewmember  was  the  Commander  the  episode  was  more 
likely  to  be  'severe'  while  if  he  was  a  Co-pilot 
it  was  more  likely  to  be  'significant'  (p=0.035). 

The  picture  was  similar  for  the  'worst  in  4 
months'  group.  In  seven  of  these  episodes  (4X)  a 
Co-pilot  stated  that  his  Aircraft  Commander  had 
also  been  disorientated,  while  the  reverse  was 
true  in  18  (10X)  of  episodes.  Again,  the  episode 
was  much  more  likely  to  be  'significant'  or 
'severe'  if  the  other  crewmember  was 
disorientated  (ps^O. 00008). 

When  the  data  from  the  'worst  ever'  and  'worst  in 
4  months'  were  combined,  the  other  crewmenber  was 
disorientated  in  24X  of  episodes  involving  non- 
NV6  flight  at  night.  For  NV6  flying  the  figure 
was  even  higher  at  44X.  This  association  between 
Night  Flying  and  the  likelihood  of  another 
crewmember  being  disorientated  at  night  was 
statistically  very  strong  (p=0. 00001)  and  was 
true  for  both  non-NVG  flight  (p=0.0063)  and  NVG 
flight  (p=:0. 00000).  Furthermore,  NVG  flight  was 
significantly  more  likely  to  be  associated  with 
disorientation  in  another  crewmember  than  non-NVG 
night  flight  (p=0.0379). 

Lynx  aircraft  showed  a  greater  tendency  for  more 
than  one  crewmenber  to  be  disorientated  than  did 
the  Gazelle  (p=0.073).  Further  analysis  showed 
no  difference  between  these  aircraft  for  Day 
Flying  (p=0.95)  or  for  Instrunent  Flying 
(p^.4S6).  There  were  differences  for  Night 
Flying,  however,  (p=0. 00726).  This  type  specific 
difference  appeared  to  be  directly  related  to  NVG 
flight  (psO.989  for  non-NVG  fli^t,  p=0.0929  for 
NVG  flis^t)  and  it  was  not  easily  explained  by 
variations  in  aircraft  types  used  in  the  Gulf  or 
Northern  Ireland  (ps0.6M)  or  by  overall  NVG 
flying  hours  (p*0.17). 

Aircrew  Qualifications. 

An  analysis  of  the  data  for  the  'worst  ever' 
grotA»  revealed  no  statistically  significant 
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differences  in  severity  between  respondents  who 
were  Aircraft  Coomanders  and  those  who  were  QHIs 
at  the  time  of  the  episode  (p=0.42).  Episodes 
were,  however,  more  likely  to  be  'severe'  and 
less  likely  to  be  'significant'  for  Aircraft 
Coonanders  when  compared  to  Co-pilots  (p=0.002). 

Interestingly,  no  statistically  significant 
relationship  between  aircrew  qualification  and 
the  severity  of  the  'worst  in  4  nxviths'  episode 
was  discernible,  although  the  trend  was  for 
increasing  qualification  (from  Co-pilot  through 
Aircraft  Commander  to  OKI)  to  be  associated  with 
reducing  severity  (p=0.29}.  This  trend  might 
become  more  significant  if  allowance  was  made  for 
varied  flying  rates,  since  QHIs  flew  a 
significantly  more  number  of  hours  than  other 
aircrew  (p=0.009). 

Also  of  interest  was  the  lack  of  a  statistically 
significant  relationship  between  Instrument 
Rating  (graded  Amber,  White,  Green  or  Master 
Green)  and  the  severity  of  the  'worst  in  4 
months'  episode  (p=0.43).  Furthermore,  no 
statistically  significant  association  could  be 
found  between  severity  and  a  lapsed  Instrument 
Rating  (n=14  for  those  who  had  flown  during  the 
period),  although  the  trend  was  for  a  lapsed 
rating  to  be  associated  with  increasing  severity 
(p=0.11). 

Eouicment. 

A  rHjnber  of  equipment  influences  were  reported, 
ranging  from  the  Lynx  Armoured  seat  (1  report) 
through  clothing  and  survival  equipments  to  Infra 
Red  sensors  and  Night  Vision  Goggles.  In 
general,  too  feu  reports  were  generated  for  each 
for  satisfactory  analysis  -  although  Night  Vision 
Goggles  were  associated  with  an  increase  in 
severity  of  disorientation  episodes  (p»0. 00003). 
The  important  findings  for  Night  Vision  Goggles, 
however,  might  be  considered  to  be  the  high 
incident  of  disorientation,  the  lack  of 
difference  when  compared  to  ordinary  night  flying 
(reported  earlier  under  'Light  Conditions')  and 
the  differences  noted  above  under  'Other  Meniiers 
of  the  Crew  Disorientated'. 

State  of  Health  and  Mind. 

For  the  'worst  ever'  group  196  respondents 
reported  that  they  had  been  healthy  at  the  time 
of  the  incident,  compared  to  4  who  had  had  minor 
problems  (2  minor  illnesses,  1  backache  and  1 
hangover).  The  figures  for  the  'worst  in  4 
months'  group  were  similar  (160  healthy,  3  minor 
illnesses  and  1  hangover). 

For  the  'worst  ever'  group  129  had  been  alert,  66 
tired  and  8  very  tired.  Seven  had  been  bored. 
No  statistically  significant  relationship  could 
be  shown  between  the  severity  of  the  episode  and 
being  tired  or  very  tired  (p'^.283).  The  figures 
for  the  'worst  in  4  months'  group  were;  alert 
117,  tired  44,  very  tired  6,  and  tired  and  bored 
3.  In  this  group,  being  tired  or  very  tired  was 
associated  with  increased  likelihood  of  a 
'severe'  episode  (p=0.022). 

When  the  data  were  coa<>ined,  being  tired  or  very 
tired  was  associated  with  an  INCREASED  likelihood 
of  a  'si^iif  icant'  or  a  'severe'  episode 
(p>0.0164)  white  being  bored  was  associated  with 


REDUCED  severity  (p=0.045). 

For  the  'worst  ever'  group,  122  had  been 
iSKlistracted  at  the  time  of  the  episode.  46  had 
been  distracted  by  flying  matters,  14  by  non¬ 
flying  matters  and  1  by  both.  There  was  no 
significant  association  with  severity  of  episode. 
For  the  'worst  in  4  months'  group  the  figures 
were;  undistracted  112,  distracted  by  flying 
matters  29,  distracted  by  non-flying  matters  16 
and  distracted  by  both  3.  There  was  a 
significant  association  between  being  distracted 
(for  whatever  cause)  and  the  likelihood  of  a 
'severe'  episode  (p°0.028).  This  relationship 
disappeared,  however,  when  both  groups  of  data 
were  combined  (p=0.25). 

When  comparing  Lynx  and  Gazelle  aircrew,  the 
latter  were  more  likely  to  have  been  distracted 
by  flying  matters  but  at  a  'trend'  level  only 
(p=0.09).  If  solo  aircrew  are  removed  from  the 
analysis  the  probability  level  drops  to  0.14. 

No  significant  differences  in  severity  of 
episodes  could  be  discovered  for  those  who  had 
taken  alcohol  in  the  previous  24  hours  and  those 
that  hacki't.  58X  of  the  'worst  ever'  group  and 
79X  of  the  'worst  in  4  months'  group  specifically 
stated  that  they  had  not  taken  alcohol  in  the  24 
hours  previous  to  the  incident.  Only  10X  of  the 
former  and  6X  of  the  latter  stated  that  they  had 
taken  alcohol,  the  rest  were  unable  to  remeober. 

Perceptual  Factors. 

The  description  of  each  episode  was  analyzed  to 
yield  information  about  which  senses  h^  been 
involved  and  whether  the  problem  had  been  due  to 
an  illusion  or  due  to  a  failure  to  perceive  what 
was  happening  (many  were  mixed,  of  course). 
Tables  4  and  5  give  figures  for  the  breakdown  of 
the  'worst  ever'  and  'worst  in  4  months'  groups 
respectively. 

When  broken  down  by  senses  no  statistically 
significant  association  could  be  derived  between 
severity  and  whether  the  problem  had  been  an 
illusion  or  a  failure  to  perceive.  For  all 
senses  amalgamated,  however,  a  failure  to 
perceive  was  significantly  associated  with  an 
increased  risk  of  a  'severe'  episode  (p=0.002  for 
the  'worst  ever'  group  and  p=0. 00000  for  the 
'worst  in  4  months'  grot^)).  Episodes  of  the 
'leans'  were  classed  as  illusions  and  when  these 
were  stripped  out,  the  pattern  was  less  evident 
(p=0.15  for  the  'worst  ever'  group  and  p=0.003 
for  the  'worst  in  4  months'  groi^). 

In  the  'worst  ever'  group,  14  episodes  involved  a 
missed  descent  or  ascent  (5  were  associated  with 
a  missed  turn  as  well)  and  12  involved 
unintentional  sideways  or  rearwards  flight.  For 
the  'worst  in  4  months'  grotp  the  figures  were; 
missed  ascent  or  descent  7  (3  with  a  missed  turn) 
and  unintentional  sideways  or  rearwards  flight  S. 
(In  neither  group  were  there  any  missed  turns  by 
themselves.)  When  both  groi^is  of  data  were 
combined  there  was  a  strongly  significant 
irKrease  in  the  severity  of  disorientation  for 
those  respondents  wtw  were  victims  of 
unintentional  flight  manoeuvres  when  compared  to 
those  that  were  not  (psQ. 00000).  This  remained 
true  when  cases  of  the  'leans'  tiere  stripped  out 
(p=0. 037). 
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Operational  Circunstances. 

Table  6  gives  a  breakdoyn  of  the  circunstances 
for  the  'Horst  ever'  and  'Horst  in  4  month' 
episodes,  as  derived  from  respondents' 
descriptions. 

A  series  of  Chi-Square  tests  on  the  data  from  the 
2  groi^  caaA>ined  shoued  that  there  were 
significant  differences  in  severity,  uith  routine 
IMC  flight  being  associated  uith  relatively  feu 
'severe'  episodes  uhile  inadvertent  entry  into 
IMC,  uhiteout  (or  similar)  and  poor  visual  cues 
in  acceptable  visibility  uere  all  associated  uith 
increased  severity  (p=0.0000).  Chi-Square  tests 
on  the  latter  group  shoued  that  poor  visual  cues 
had  the  least  relative  impact  uhile  inadvertent 
entry  into  INC  entry  uith  VNC  recovery  had  the 
most  (psO.0023).  In  betueen  -  and  at  much  the 
same  severity  as  each  other  -  uere  Inadvertent 
INC  uith  IF  recovery  and  uhiteoutA>rounout.  A 
ccaparison  of  recovery  to  VMC  flight  against 
recovery  to  Instrument  Flight  follouing 
inadvertent  entry  to  INC  shoued  that  the 
relatively  increased  severity  associated  uith  the 
former  uas  marginally  significant  (p=0.066). 

Effects  on  Aircraft  Control. 

Table  7  is  derived  from  respondents'  descriptions 
and  details  the  apparent  effects  of  the  different 
episodes  on  aircraft  control. 

In  only  30X  of  'uorst  ever'  and  57X  of  'uorst  in 
4  months'  episodes  had  the  respondent  been  able 
to  uork  through  his  disorientation  uithout 
effects  on  aircraft  control.  This  is  not  to  say 
that  control  effects  uere  aluays  serious. 
Houever,  flight  safety  uas  jeopardised  by 
definition  in  24X  and  6X  of  each  group 
respectively  (since  those  are  the  rates  for 
'severe'  incidents).  Many  stories  uere  horrific  - 
for  example  in  one  episode  (classed  by  the 
respondent  as  'significant'  rather  than 
'severe'(l))  a  Lynx  did  10  pirouettes  uhile 
landing  in  formation  uith  6  others. 


Geographical  Location. 

Table  8  breaks  doun  the  disorientation  episodes 
by  geographical 

location.  It  should  be  emphasised  that  these 
locations  are  only 

those  deducible  from  the  descriptions  -  it  uas  a 
failing  of  the  questionnaire  that  it  did  not 
specifically  ask  for  the  location.  Using 
Germany,  tlw  Lou  Countries  and  LK  (less  Middle 
Wallop)  as  a  'standard',  no  statistical 
difference  in  severity  of  episode  could  be 
discovered  for  Northern  Ireland  or  Horuay  in 
either  group.  There  uas,  houever,  a  highly 
significant  increase  in  the  severity  of  episodes 
being  reported  from  the  Gulf  (p=0.004). 

Teeli  Off. 

Tables  9  gives  the  nudbers  of  respondents  uho 
reported  'Break  Off'  phencamnon  (using  the  same 
definitions  of  severity)  'at  soaw  point  during 
their  career'  and  'in  the  4  months  previous  to 
the  survey'.  Although  the  survey  uas  not 
designed  to  revieu  factors  that  might  be  involved 
in  'Break  Off'  phenomenon,  a  brief  analysis  of 


those  respondents  uho  reported  at  least  one 
episode  in  the  previous  4  awnths  shoued  no 
a^rent  relationship  uith  total  experience, 
aircrew  qualification,  unit  or  aircraft  type. 
There  uas  a  trend  for  aircrew  uith  an  amber  or 
uhite  instruaent  rating  to  be  more  likely  to 
suffer  than  those  uith  a  green  or  master  green 
rating  (p=O.OS6).  This  might  partially  reflect 
other  factors  such  as  confidence.  There  uere  too 
few  sufferers  uith  lapsed  ratings  for  a 
meaningful  analysis. 

Disorientation  Traininm  Sorties. 

Respondents  uere  asked  to  rate  the  value  of  the 
disorientation  training  sortie  by  ticking  one  of 
5  boxes.  Table  10  records  the  results  -  which 
uere  very  much  in  favour. 

Surprisingly,  there  was  no  significant 
relationship  between  flying  experience  and  the 
likelihood  to  consider  the  sortie  'neutral'  or 
'harmful'.  It  had  been  expected  that  the  older 
and  more  experienced  aircrew  would  be  less  likely 
to  be  enthusiastic. 

No  significant  relationship  could  be  discovered 
betueen  views  on  the  sortie  and  currency  on 
different  aircraft  types,  severity  of  the  uorst 
episode  ever  suffered,  aircrew  qualification  or 
instrument  rating. 

Qjiiini  ngWiilM 

Aircrew  uere  asked  to  conment  on  any  master  that 
they  considered  relevant.  These  are  not  reported 
here  -  but  about  480  separate  coomients  were 
received.  Stability  Augnentation  Systems,  full 
Navigational  Aid  Suites  and  better  instrument 
ergonomics  were  seen  as  beneficial  measures. 
Equally,  the  increasing  pressure  from  non-flying 
'soldierlike'  duties  uas  seen  as  an  emerging 
threat  to  professional  -  and  safe  -  military 
flying. 

PISCUSSIW. 

Disorientation  is  so  multifactorial  that  a  survey 
such  as  this  is  bound  to  flag  ip  more  questions 
than  it  answers  -  particularly  since  the  results 
are  based  on  aircrew  perceptions  and  are  thus 
heavily  subjective.  Nonetheless,  interesting 
information  was  produced  on  the  incidence  and 
genesis  of  disorientation  for  both  the  'snapshot' 
4  month  period  and  for  the  longer  'complete 
career'  timescale. 

Incidence. 

The  findings  that  90%  of  aircrew  had  been 
disorientated  at  soam  time  in  their  career  and 
that  24X  had  suffered  at  least  one  episode  in 
which  flight  safety  had  been  jeopardised  are 
broadly  similar  to  the  results  from  other  surveys 
-  although  variations  in  definitions  stake 
detailed  cosparisons  difficult  (4, 5, 6, 8). 

More  interesting  is  the  'snapshot'  incidence  over 
the  4  months  previous  to  the  survey.  Here  it  is 
difficult  to  quantify  the  effect  of  the  Gulf  War 
since  the  kiiMk  on  effects  influenced  flying 
rates  and  other  factors  elsewhere.  There  is  no 
doubt,  however,  that  aircrew  found  flying  over 
the  desert  particularly  disorientating. 
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Including  the  Gulf  figures,  therefore,  gives  a 
'maxinun'  incidence  of  disorientation  in  the  4 
months  previous  to  the  survey,  revealing  that  6% 
of  Army  aircrew  suffered  'severe'  episodes  (i.e. 
episodes  in  which  flight  safety  was  put  at  risk). 
Excluding  the  figures  from  the  Gulf  should 
produce  a  'mininun'  rate  since  the  knock  on 
effects  in  other  theatres  were  in  general  more 
likely  to  reduce  the  incidence  of  disorientation 
(reduced  flying  rates  etc.)  This  'minioun'  rate 
is  4X  and  the  true  'peacetime'  rate  might 
therefore  be  slightly  higher  at  about  5X.  This 
is  disturbingly  high,  although  it  should  be  noted 
that  seasonal  factors  may  well  play  a  part  in  the 
incidence  of  disorientation  and  this  rate  is  not 
'annualized'. 

Also  disturbing  is  the  'wartime'  rate  thrown  up 
by  the  Gulf.  The  actual  flying  rate  in  the  Gulf 
was  significantly  LESS  than  in  other  theatres 
(Mean  58,  std  dev  45  compared  with  mean  91  std 
dev  51,  T-test  p=0.005)  and  this  highlights  the 
significant  increase  in  'severe'  episodes 
suffered  by  Gulf  aircrew  when  compared  to  aircrew 
in  UK  or  Germany  (p=0.004).  This  high  rate  from 
the  Gulf  reflects  the  difficulties  of  the 
terrain,  climate  and  operational  scenario. 
Future  wars  may  have  different  sets  of 
circumstances,  but  commanders  should  be  aware 
that  disorientation  is  not  just  a  peacetime 
problem  and  may  affect  wartime  attrition  rates. 
This  point  has  been  raised  before  (7). 

The  finding  that  loss  of  flying  control  is  so 
frequent  a  concomitant  of  disorientation  (43X  of 
respondents  had  had  some  loss  of  control  in  the 
previous  4  months)  also  points  to  the  fact  that 
although  disorientation  has  been  studied  for  many 
years  there  are  insufficient  measures  am  in 
place  to  protect  aircrew  from  its  effects. 

Kelevit  Factors. 

Aircrew  Factors. 

The  multiplicity  of  factors  involved  in 
disorientation  showed  up  in  many  results  -  for 
exaBf>le  in  the  peculiar  finding  that  sufferers  of 
'significant'  episodes  had  statistically  fewer 
flying  hours  than  those  who  suffered  'minor'  or 
'severe'  episodes.  Buried  in  aeongst  a  number  of 
confounding  factors  (such  as  variations  in 
aircraft  types)  may  be  2  conflicting  trends 
associated  with  greater  flying  hours  an 
increased  chance  of  suffering  a  particularly  bad 
experience  and  an  increased  likelihood  of  being 
sanguine  about  less  severe  episodes.  Only 
further  study  could  tease  out  the  relevant 
factors. 

The  association  between  both  crew  position  and 
crew  numbers  to  the  perceived  severity  of 
episodes  was  expected  -  since  either  would  affect 
the  extent  to  which  flight  safety  was  threatened. 
An  expected  association  that  did  not  materialise, 
however,  was  that  between  Instrueent  Rating  and 
severity  of  disorientation.  Since  the  classical 
'cuire'  for  diaorientation  is  to  get  onto 
instruaents,  a  higher  qualification  might  be 
expected  to  ease  the  severity  of  the  qoisode  but 
this  did  not  appear  to  be  the  case  (at  least  for 
the  data  from  the  4  months  previouM  to  the  survey 
-data  for  the  other  grous)  was  not  sought). 
Indeed,  the  only  protection  given  by  a  higher 


instrument  quialification  seemed  to  be  in  the  area 
of  'break  off'  -  and  here  it  was  marginal  only 
(and  liable  to  the  influence  of  other  confounding 
factors  such  as  individual  confidence).  This 
lack  of  association  between  Instrument  Rating  and 
severity  of  c'isorientation  is  in  alignment  with 
the  finding  of  Vyrnwy-Jones  that  aircrew  in  US 
Army  Orientation  Error  accidents  had  much  the 
same  overall  flying  and  Instruamnt  Flying 
experience  as  those  of  a  control  grous>  whose 
accidents  were  duie  to  technical  failure  (7). 

Also  expected  was  the  association  between 
severity  of  episode  and  whether  or  not  the  other 
crew  laeflber  was  disorientated.  The  high 
frequency  of  both  members  being  affected  was  a 
surprise  although  it  has  been  coamented  on  in 
other  surveys  (5,7).  The  levels  were 
particularly  serious  for  Night  and  HVG  flying  - 
the  fact  that  ALHOST  HALF  (44X)  of  NVG  episodes 
involved  disorientation  of  both  crew  must  be  of 
concern  to  operators  and  should  lead  to  efforts 
to  improve  cockpits  and  operational  procedures. 

For  such  a  subjective  and  'perceptual'  event  as 
disorientation,  the  effects  of  being  tired  were 
not  a  surprise.  Indeed,  it  might  be  considered 
that  the  association  between  tireuiiess  and  the 
perceived  severity  of  episodes  was  not  as  strong 
as  it  could  have  been.  When  both  sets  of  data 
were  combined,  and  'severe'  and  'significant' 
episodes  were  aaialgamated,  the  significance  level 
reached  p=0.0164  -  which  is  less  than  for  many 
other  factors  analyzed.  This  most  certainly  does 
NOT  mean  that  these  effects  should  be  ignored  * 
they  will  become  more  and  more  important  as 
operating  pressures  increase  as  a  result  of 
financial  constraints  and  the  introduction  of  new 
equipments. 

Similarly,  the  finding  that  distraction  during 
flight  was  associated  with  increased  numbers  of 
'severe'  episodes  (at  least  for  the  'worst 
episode  in  the  past  4  months'  group)  is 
unsurprising  but  worthy  of  attention. 

That  boredom  was  associated  with  the  opposite 
trend  of  REDUCED  levels  of  severity  was 
interesting  and  might  reflect  the  possibility 
that  one  is  only  likely  to  be  bored  if  there  is 
plenty  of  flight  safety  margin  in  hand.  It 
proves  the  point  that  if  operators  make  aircraft 
easy  to  fly  and  boring  they  are  likely  to  be 
safe  I 

Crew  health  proved  satisfactorily  irrelevant  in 
that  very  few  respondents  were  anything  less  than 
fully  healthy  at  the  time  of  their  episodes. 
Similarly,  the  lack  of  s8s«>ciation  with  alcohol 
is  a  testament  to  the  awareness  of  modern 
aircrew. 

The  attempt  to  break  down  narrative  descriptions 
to  yield  the  prime  body  sense  involved  should  be 
treated  with  caution  because  it  was  highly 
sujbjective.  Helicopter  flying  is  a  very  visual 
occupation  and  so  it  was  no  great  surprise  that 
4()X  of  the  episouies  that  could  be  easily  classed 
as  visual  or  vestibular  appeared  to  be  visuMl  in 
origin.  Neither  was  it  a  surprise  that  poor 
external  visujal  references  were  associated  with 
increased  severity  of  episodes,  althouj^  it  was 
interesting  that  type  1  errors  (when  aircrew  are 
unaware  of  the  problem)  accouauted  for  about  50X 
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of  episodes  involving  vision.  As  expected,  type 
1  episodes  (irrespective  of  sense  involved)  were 
narked  by  aircrew  as  being  more  serious  in  terns 
of  flight  safety. 

Operational  Factors. 

For  Instrument  Flying  the  picture  produced  was 
one  of  much  increased  INCIDENCE  but  of  only 
marginally  increased  SEVERITY  of  episodes  (once 
the  'leans'  had  been  stripped  out).  Indeed  the 
severity  of  episodes  occurring  during  daytime  IF 
appeared  very  similar  to  that  during  day  Visual 
Flying  episodes.  It  was  only  at  night  that  IF 
was  associated  with  an  apparent  increase  in 
severity  over  Visual  Flying  -  and  this  may 
reflect  the  increased  chances  of  inadvertent  INC 
entry  at  night.  This  is  not  to  say  that 
disorientation  during  daytime  IF  is  benign  (10X 
of  cases  were  'severe'  and  34X  'sijpiif icant'). 
Operators  should  reaienfaer  that  not  only  is 
anything  that  jeopardises  flight  safety  a  SMtter 
for  concern  but  that  it  will  affect  efficiency  at 
carrying  out  the  sortie  task.  In  other  words, 
measures  to  reduce  disorientation  would  have 
benefits  in  the  area  of  efficiency  as  well  as  the 
area  of  pure  flight  safety.  Efficiency  might  be 
particularly  'geared  up'  during  operational 
scenarios  involving  high  workload  an  other 
stresses. 

Inachrartent  INC  proved  to  be  associated  with  a 
greater  severity  of  episodes  than  any  other 
isolated  operational  circtaastance  including 
whiteout/sandout/dustout.  This  laay  reflect  the 
fact  that  the  loss  of  visual  cues  is  particularly 
difficult  to  cope  with  because  it  is  unforeseen. 
Disorientation  appeared  to  be  a  greater  threat  to 
flight  safety  whm  inadvertent  INC  was  followed 
by  recovery  to  Visual  Flight  rather  than  when  it 
led  to  Instruaent  Flight.  This  could  either  be  a 
function  of  circuastances  preventing  Instruaient 
Recovery  (e.g.  icing  risks)  or  it  could  reflect 
the  safety  value  of  a  dint)  to  altitude  and  a 
call  for  radar  assistance. 

The  fact  that  Night  Flying  (both  non-NVG  and  NVG) 
was  associated  with  a  greater  incidence  and  a 
greater  severity  of  episodes  was  also  expected 
(previous  surveys  have  found  the  reduced  cues  of 
night  tiM  provocative  (4)).  It  had  been 
expected  that  NVG  flight  *  with  the  associated 
reduced  field  of  view  and  reduced  visual  acuity  - 
might  be  anre  provocative  than  non-NVG  night 
flight  but  this  did  not  prove  to  be  the  case 
(presuMbly  because  NVGs  do  at  least  allow  you  to 
see  something  even  if  the  image  is  unnatural  and 
of  coaiparstively  poor  quality).  It  is  difficult 
to  explain  the  increased  propensity  for  Lynx 
(when  compared  to  Gaxelle)  to  be  associated  with 
BOTH  crewmembers  being  disorientated  during  Night 
Flying.  The  effect  appears  to  be  related  to  NVG 
use  and  hypotheses  that  it  might  reflect 
different  geogrqjhical  locations  or  varying  NVG 
flying  rates  appear  unfounded.  It  may  be  a  true 
aircraft  type  difference  -  since  the  Lynx  has  a 
less  open  cockpit  than  the  Gazelle  -  but  caution 
should  be  used  in  interpreting  the  result  because 
Lynx  aircrew  do  differ  from  Gazelle  aircrew  in 
experience  and  the  aircraft  types  do  have 
different  roles.  In  particular  Troop  Inaertion 
(which  waa  found  to  be  a  particularly 
disorientating  aortie  type)  is  likely  to  be  a 
Lynx  role  which  night  be  leidertakan  on  HVBa. 


(The  reverse  might  e<sjally  be  true,  of  course, 
and  Troop  Insertion  might  appear  more 
disorientating  simply  because  of  its  association 
with  Lynx  NVG  operations). 

It  was  interesting  that  no  statistically 
significant  increased  severity  of  episodes  could 
be  detected  for  Mountain  Flying  sorties.  The 
subjective  feelings  of  aircrew  were  strongly  that 
Mountain  Flying  rated  with  Instniaent  Flying 
(both  Simulated  and  Actual)  as  a  source  of 
disorientation.  It  is  possible  that  -  just  as 
Instriment  Flying  is  associated  with  an  increase 
in  incidence  but  not  of  overall  severity  -  so 
Moiaitain  Flying  might  lead  to  more  episodes  which 
are  not  in  themselves  particularly  severe. 
Alternatively,  the  nuaber  of  mountain  flying 
episodes  (n»i7)  may  have  been  insufficient  to 
etetect  any  associated  variations  in  severity. 

Associated  closely  with  differences  in  sortie 
type  is  the  question  of  geographical  location. 
The  questionnaire  did  not  specifically  ask  for 
infonaation  on  location  but  so  many  narratives 
included  this  information  that  soiae  comparisons 
were  possible.  It  was  expected  that  Norway, 
Northern  Ireland  and  the  Gulf  would  produce  the 
most  severe  episodes  of  disorientation  but  in  the 
event  a  significant  relationship  could  only  be 
shown  for  the  last.  This  probably  reflects 
operational,  terrain  and  climatic  factors. 

Aircraft  and  Flight  Path  Factors. 

The  propensity  of  Lynx  to  be  associated  with  more 
than  one  crewmember  being  disorientated 
simultaneously  has  been  mentioned  above.  This  ■ 
and  the  marginally  increased  severity  of  Lynx  NVG 
episodes  in  general  (when  compared  to  Gazelle)  - 
was  unexpected.  The  Army  version  of  the  Gazelle 
has  no  Stability  Augmentation  System  and  it  was 
thought  that  any  differences  in  aircraft  type 
would  be  likely  to  point  to  the  Gazelle  as  being 
more  disorientating.  This  latter  view  was 
supported  by  the  ratings  given  by  the  aircrew 
which  classed  the  Gazelle  as  significantly 
'worse'  than  the  Lynx.  It  was  also  supported  by 
the  tendency  for  manoeuvres  in  the  Gazelle  to  be 
associated  with  increase  in  severity  (both  during 
Instriment  Flight  and  during  Visual  Flight) 
whereas  no  such  association  appeared  to  exist  for 
the  Lynx.  This  mi^t  be  a  spurious  result  and 
should  be  treated  with  caution  -  confounding 
factors  such  as  differing  levels  of  aircrew 
experience  make  it  difficult  to  interpret. 
Nonetheless,  these  findings  support  intuitive 
expectations  as  well  as  aircrew  opinion. 

Aircraft  specific  factors  provide  an  area  worthy 
of  future  research. 

■TWfc  OH  «« 

The  mmbers  of  rotary  wing  aircrew  reporting 
'Break  Off'  confirmed  previous  reports  that  it 
does  happen  in  helicopter  aircrew  (1,3, 4, 8).  A 
total  of  9X  of  Rotary  Wing  respondents  had 
suffered  a  'severe'  episode  (the  saam  definitions 
being  applied  as  for  other  episodes  of 
disorisntstion).  One  reported  an  'out  of 
cockpit'  experience  with  the  coaomnt  that 
"...there  is  nothing  like  seeing  your  aircraft 
start  (Bopping  out  of  control  to  get  you  back  in 
the  cockpit  again...".  The  finding  in  this 


survey  of  an  apparent  relationship  with 
Instrunent  Rating  is  interesting  but  may  be  a 
product  of  personal  qualities  such  as 
'confidence'  -after  all,  'Break  Off'  is  a 
psychological  anre  than  a  physiological  event. 
Itore  research  is  needed  into  hw  this  interesting 
phenomenon  affects  the  helicopter  coanunity. 

Pieorietitation  Training. 

The  whole  hearted  support  of  the  aircrew  for  the 
airborne  disorientation  training  sortie  was 
reassuring.  The  sortie  is  effective  in  teaching 
aircrew  that  their  abilities  in  the  air  are 
limited  but  it  unfortunately  concentrates  on  the 
'non-visual'  eleawnt  of  disorientation  (in  that 
aircrew  are  asked  to  sense  various  manoeuvres 
with  their  eyes  effectively  blindfolded).  It  is 
difficult  to  introduce  'visual'  illusions  but 
consideration  should  be  given  to  developing  an 
appropriate  sortie. 

rjiiMi  nmprnT 

This  survey  has  shown  that  disorientation 
continues  to  be  a  problem  in  UK  Anay  helicopter 
operations.  Continued  pressure  is  necessary  to 
ensure  that: 

-  Research  and  Oevelopawnt  of  iaproved 
Instruaent  Displays  and  other  systeaw  to 
present  information  continues. 

-  Operators  are  laade  aware  of  the  effects 
of  equipamnt  such  as  NVGs. 

-  Operators  are  aiade  aware  of  the  effects 
of  Huaan  Factors  such  as  state  of  mind. 

-  Aircraft  are  properly  equipped  to 
minimise  both  the  risks  of  inducing 
disorientation  and  its  effects  (measures 
should  include  full  stability  systeais  and 
appropriate  Navigation  Systems) 

It  stay  be  expensive  -  but  aircraft  and  aircrew 
losses  are  even  more  so. 


Sincere  adairation  and  thanks  are  due  to  all  the 
aircrew  who  responded  to  the  questionnaire.  Not 
only  did  they  take  the  time  arwl  trouble  to  fill 
in  the  10  sides  accurately  but  they  also  gave 
deep  consideration  to  the  problem  of 
diaor imitation  and  how  to  prevent  it.  As 
always,  their  serme  of  huanur  made  it  a  joy  to 
read  their  reaponaes. 


32-12 


1  Severity  of  Worst  Ever 

1  Episode. 

Mean  Flying  Hours  of 
Respondent  AT  THE  TIME  OF 

THE  EPISODE 

Standard 

Deviation 

Cooparison  with  the 
middle  ('Significant') 
group. 

(T-test) 

1  'Minor' 

1090 

1400 

Different  p°0.031 

'Significant' 

723 

681 

'Severe' 

1114 

1013 

Different  p=0.006 

TABLE  1.  Grade  of  Worst 
(excluding  reapondanta  idm 

Ewer  episode  suffered  agaim 
ae  worat  episode  was  in  the  4 

tt  Flying  Experiena 
■ontha  previous  to 

AT  THE  TIME  OF  THE  EPISODE 
the  survey). 

Severity  of  Worst 

Episode  in  the 
previous  4  months. 

Mean  Flying  Hours  of 
Respondent  AT  THE  TIME  OF 

THE  EPISODE 

Standard 

Deviation 

Ccoparison  with  the  first 
('Minor')  group. 

(T-test) 

'Minor' 

1599 

1417 

'Significant' 

1019 

890 

p>0.02 

'Severe' 

986 

688 

p^O.004 

TML£  2.  firade  of  the  Uorat  Episode  in  the  previoue  4  Miths  ageinet  Flying  Experience  AT  THE  THE  OF  THE 
EPISODE. 


1  Flying  Manoeuvre 

Association  between  manoeuvre 

Association  between  manoeuvre 

1 

and  severity  of  episodes. 

and  severity  of  episodes. 

(INCLLOING  cases  of  'leans'). 

(EXCLUDING  cases  of  'lewis'). 

Straight  and  Level 

Nil. 

Nil. 

(p^.497) 

(p>0.667) 

Turning 

Reduced  severity  (p=0. 00506) 

Nil. 

(p=0.230) 

Cl  ieb/descent 

Increased  severity.  (p>0.0454) 

Nil. 

(p=0.640) 

Acceleration/ 

Increased  severity. 

Nil. 

deceleration. 

(p-0. 00718) 

(p°0.SS5) 

TABLE  3.  The  aewerity  of  apiaodea  for  different  flying  — wewree  ehen  coigiared  to  spiaodea  not  imolving 
thoae  Mnoamree.  tOata  fro*  'worat  ever'  and  'mrat  in  4  aontha'  grta^  cabined,  Inatnaant  Flying  only). 


Failure  to  Perceive 

Illusion  1 

Vision 

19 

33 

vestibular  Organs 

1  (excl  'leans') 

73  (incl  'leans') 

29 

38 

Others 

'Break  Off'  'Central  -  nil. 

Processing  Failure' 

-  9. 

TABLE  4.  Bo^r  Saw  aid  codparatfee  rataa  for  'Failure  to 

ParcaWe'  or  'llluaian'  {jut^  an  the  aaat  i^partant  elaaant  in  tha  hiatary).  'liorat  Ever'  graigi. 
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'Worst  Ever'  group 

'Worst  in  4  months'  group 

Northern  Ireland 

27  (12X) 

19  (10X) 

Norway 

13  {6X) 

3  (2X) 

Gemany/Low  Countries/Channel 

23  (10X) 

6  (3X) 

UK  (less  Middle  Wallop) 

13  {6X) 

10  (5X) 

Middle  Wallop 

44  (19X) 

18  (10X) 

1  Far  East/Africa 

1  /Mediterranean 

3  (IX) 

nil 

I  Falklands 

2  (IX) 

nil 

BATUS 

2  (IX) 

nil 

Gulf/Iraq 

S  (2X) 

21  (11X) 

Others/undef ined 

95  (42X) 

109  (59X) 

TABLE  8.  Geographical  location  of 

episodes. 

At  least  one  episode  during 
whole  career 

During  the  4  months  previous  to 
survey 

'Minor' 

54  (16X) 

10  (3X) 

msaammm 

23  (TX) 

5  (1.4X) 

1  'Severe' 

9  (3X) 

1  (0.3X) 

TABLE  9.  Muiters  of  Botary  Uina  aircrcH  reportinB  at  leaat  one  opiaode  of  'Break  Off'  phtnoTnon  'durina 
the  reopondent'e  ahole  career'  and  'djring  the  4  nonths  prevloua  to  the  survey'. 


1  Aircrew  Views 

Beneficial 

A 

V 

Neutral 

<•••> 

Hamful 

75 

63 

4 

nil 

TABLE  to.  AircroH  vleHS  on  the  Oiaoricntation  Training  Sortie  (rudlera  of  respondents  narking  each  bon). 
A  nudwr  put  arrom  to  indicate  that  their  opinion  was  off  the  scale  to  the  left. 
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Rfaum< 

Les  illusions  otolithiques  au  d6collage  (take-off  illusions) 
sont  connues  de  longue  date  comme  cause  d'accidents 
a6riens.  Elies  ont  pour  origine  Tacc616ration  +  Jx  de 
Tappareil  qui,  en  se  composant  avec  le  vecteur  gravity, 
produit  une  stimulation  otolithique  g6n6rant  une  sensation 
de  cabr6  excessif  (illusion  somatogravique).  Ce  type 
d’illusion  se  manifeste  essentiellement  lorsque  les 
r6f6rences  visuelles  sont  insuffisantes  (d6collage  de  nuit, 
environnement  brumeux).  Un  accident  a6rien  ayant  conduit 
k  la  perte  d’un  avion  de  combat  modeme  est  rapport6.  Les 
circonstances  et  les  difKrents  param&tres  de  vol 
(accdidrations  Jx  et  Jz,  vitesse,  trajectoire  et  altitude,  actions 
pilote,  ...)  sont  analyses.  A  partir  de  ces  donn6es,  la 
stimulation  otolithique  rdsultante  subie  par  le  pilote  au 
cours  du  vol  a  6t6  reconstitute.  L'tvolution  de  cette 
stimulation  permet  d’expliquer  parfaitement  les  actions 
efTectutes  par  le  pilote,  faisant  de  cet  accident  un  exemple 
typique  d’illusion  au  dtcollage.  L'analyse  de  cet  accident 
atrien  montre  qu’i  aucun  moment  le  pilote  ne  semble  avoir 
utilist  les  informations  visuelles  d’attitude  prtsenttes  dans 
le  vUeur  ttte  haute  de  Tappareil.  A  partir  de  ces  titments, 
une  rtflexion  est  mente  sur  les  informations  visuelles 
d’orientation  spatiale  prtsenttes  dans  les  viseurs.  EUe 
conduit  4  envisager  les  difftrentes  solutions  susceptibles  de 
rtduire  les  risques  de  dtsorientation.  L’introduction  de 
systtmes  de  visualisation  lits  i  la  ttte  pose  un  certain 
nombre  de  probttmes  nouveaux  dans  ce  domaine,  mais 
ouvre  tgalement  des  perspectives  inttressantes. 

1.  g!0:R0BUCTIQf!l 

Le  r6ie  jout  par  la  dtsorientation  q>atiale  i  Torigine  des 
accidents  atrierts  a  depuis  longtemps  clairement  ttt  ttabli. 
La  plupart  des  forces  atriennes  ont  maintenant  entrepris 
des  programmes  d’entrainement  destints  i  diminuer 
Tincidence  de  ces  accidents.  En  dtpit  des  progrts 
indtniables  qui  ont  rtsultt  de  Tamtlioration  des  proctdures 
d’entrainement  et  des  efforts  entrepris  dans  le  domaine  de 
la  prtsentation  des  informations  de  pilotage,  la  menace  de 
dtsorientation  spatiale  demeure  toujours  un  risque 
prtoccupant.  Dans  une  ttude  portant  sur  les  cas 
(finc^dtation  en  vol  survenus  ente  1970  et  1980  dans  TUS 
Air  force  Rayman  et  Me  Naughton  (14)  reitvent  25  cas  oik 
ce  facteur  a  ttt  formeUement  mis  en  cause.  Le  dteoUi^e  de 
nuit  ou  dans  les  nurses  constituait  le  coniexte  de  survenue 
dans  8  cas.  L’actualitt  de  tels  accidents  est  tgalement 


mentionnte  par  Gillingham  et  Wolfe,  relite  aux  illusions 
somatograviques,  dans  une  revue  remarquablement 
exhaustive  des  probitmes  d’orientation  ^atiale  en  vol  (7), 
accompagnte  d’une  description  qui  souligne  leurs 
caraettristiques  trts  sttrtotyptes. 

En  fait,  les  illusions  au  dtcollage  ont  dtj4  fait  Tobjet  de 
nombreuses  descriptions,  ceci  dts  la  fin  du  second  conflit 
mondial,  en  particulier  par  Collar  (1946),  ainsi  que  le 
rapportent  Buley  et  Spelina  (1)  dans  leur  revue  des  facteurs 
pl^ologiques  et  psychologiques  impliqu6s  dans  les 
accidents  au  d6collage  par  nuit  noire  ("  Dark  night  takeoff 
accident").  Ces  auteurs  soulignaient  alors  le  probl&me  des 
informations  visuelles  d’attitude  et  Tinefficacit6  de  la 
simulation  de  vol  pour  la  prise  en  compte  de  ce  phfenomfene 
par  Tentralnement.  II  faut  £galement  citer  les  travaux  de 
M.  Cohen  sur  Teffet  des  catapultages  i  partir  de  poite- 
avions  (3,  4,  5)  qui  ont  compl6t6  ces  descriptions  en 
s’appuyant  sur  une  s6rie  d’6tudes  exp6rimentales  en 
centrifugeuse,  apportant  ainsi  des  616ments  quantitatifs  sur 
Tinten$it6  et  la  dynamique  de  ces  illusions,  ainsi  que  sur  les 
interactions  visuo-vestibulaires  mises  en  jeu. 

Le  m6canisme  de  base  common  i  Torigine  des  illusions 
somatograviques  repose  sur  Tambiguit6  fondamentale  qui 
existe  au  niveau  de  la  transduction  m6cano-netveuse 
otolithique.  En  effet,  par  principe,  les  capteurs  otolithiques 
ne  peuvent  faire  i  eux  seuls  la  difference  entre  Teffet  de  la 
composition  d’une  acceleration  lineaire  dans  le  plan  de  la 
macule  avec  le  vecteur  gravitaire  et  le  changement 
d’orientation  de  ce  mSme  vecteur  du  fait  d’une  inclinaison 
de  la  tete  (fig.  1).  L’orientation  de  la  force  agissant  sur  la 
macule  est  identique  et  genire  un  effet  mecanique 
pratiquement  similaire  dans  les  deux  cas.  Cette  ambigulti 
est  normalement  lev6e  par  Tapport  d’informations 
sensorielles  compl6mentaires,  essentieUement  d’oiigine 
visuelle  ou  canalaire  qui,  lorsqu’elles  font  ddfaut  ou  sont 
volontairement  fauss6es  (simulation  de  vol),  laissent  la 
place  i  une  perception  erronie  de  la  situation. 

Dans  le  cas  du  d6collage,  ceci  conduit  k  une  perception 
d’attitude  excessivement  cabr6e  de  Tappareil  (  par  extension 
du  schema  corporel)  et,  en  Tabsence  d’informations 
cognitives  pertinentes,  &  des  corrections  de  trajeaoire 
inapproprides.  L’acddent  a6rien  rtq>port6  id  est  k  ce  litre 
particuliferement  d6monstratif. 
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2.  ANALYSE  DE  L'ACCIDENT 

Apr&s  avoir  d^crit  le  contexte  et  le  d^roulement  du  vol,  les 
diff£rents  £vinements  feront  I’objet  d’une  analyse 
neurosensorielle  prenant  en  compte  les  stimulations 
otolithiques  subies  par  le  pilote. 

2.1 .  ContMta  da  I'acddant 

Les  faits:  36  secondes  apr6s  le  Idcher  des  freins  un  avion  de 
combat  modeme  s’6crase  au  bout  de  la  piste  de  d6coUage. 
Apris  le  d6collage,  I’ascension  culmine  i  environ  450  pieds 
AGL  (au  dessus  du  niveau  du  sol).  Le  pilote  est  tu6  et 
I’appareil  totalement  d6truit. 

Conditions  mdtdorologiques:  Une  couche  nuageuse  peu 
6paisse,  elle  $e  termine  &  environ  1500  pieds,  mais  dense 
recouvre  le  terrain.  La  base  des  nuages  se  situe  i  environ 
160  pieds.  Sous  la  couche,  la  visibility  est  de  1700  m.  le  vent 
est  calme,  le  QNH  il  1033  hPa  et  la  tempyrature  est  de  7  *C. 
Ces  donnyes  dyfinissent  une  condition  opyrationnelle 
"Rouge  Spydal*. 

Espyrience  du  pilote:  II  s’agit  d’un  pilote  considyry  comme 
bon,  dont  le  nombre  d’heures  de  vol  est  infyrieur  &  1000, 
avec  une  expyrience  limitye  du  vol  en  condition  IMC  ryelle, 
particuliyrement  sur  avion  4  hautes  performances. 

2.2.  Sdquancas  da  vol 

Tout  se  passe  parfaitement  bien  dans  la  phase  initiale  du 
dycoUage,  jusqu’4  la  rotation  et  la  rentrye  du  train 
d’atterrissage.  La  trajectoire  de  vol  est  correcte  ainsi  que 
I’accyiyration. 

Aprys  avoir  pynytry  la  couche  nuageuse,  peu  aprys  la 
rentrye  du  train  et  le  message  "airborne",  la  commande  de 
profondeur  est  progressivement  poussye  vers  I’avant,  d’une 
maniyre  de  plus  en  plus  saccadye,  jusqu’4  atteindre  40  %  de 
la  course  vers  I’avant. 

La  manette  des  gaz  est  ramenye  de  la  position  "plein  post¬ 
combustion"  vers  "plein  gaz  sec"  en  suivant  la  procydure  et 
4  la  bonne  vitesse.  11  faut  aussi  noter  que  I'inclinaison  de 
I’avion  est  parfaitement  contrdiye  et  que  le  cap  ne  varie  pas 
plus  de  2*  pendant  toute  la  syquence. 

La  poussye  progressive  sur  la  commande  de  profondeur  a 
les  eRets  suivants: 

Le  facteur  de  charge  dycroit  depuis  approxima- 
livemcnt  IG  pour  devenir  proche  de  OG  (une  valeur 
piede  02S  G  nygatif  est  enregistrye). 

-  la  trajectoire  culmine  en  altitude  a  environ  400- 
450  pieds  AGL,  puis  commence  4  dycroitre  de  plus 
en  plus  isqMdement.  Depuis  le  moment  oO  I’appareil 
entre  dens  la  couche  nuageuse  jusqu’au  sol,  la 
trajectoire  suivie  est  pratitpiement  baiistique. 

-  Le  facteur  de  charge  dnneure  encore  prodie  de  OG 
4 1’approche  de  100  pieds  AGL.  La  commande  de 
profondeur  est  bnitalement  ramenye  (riein  arriyre 
lorsque  le  pilote  retrouve  la  vue  du  sol. 


-  A  100  pieds  AGL,  les  paramytres  de  vol  sont; 

incidence,  environ  2® 
facteur  de  charge,  proche  de  OG 
pente,  environ  - 10® 
assiette,  -8® 

-  Au  moment  de  {’impact  sur  la  piste  on  enregistre: 

incidence,  13®,  croissante 
facteur  de  charge,  +  3,5  G,  croissant 
pente,  - 10®,  dycroissante 
assiette,  environ  -t-  3®,  croissante 
Vitesse  verticale,  environ  7000  pieds  par 
seconde,  dycroissante. 

La  figure  2,  qui  prysente  les  tracys  de  I’enregistreur  de  vol 
les  plus  utiles  4  la  description  de  I’acddent,  rysume  la 
chronologie  des  yvynements. 

2.3.  Analyse  neurosansoriallo 

A  partir  des  donnyes  issues  de  I’enregistreur  de  vol,  il  est 
possible  de  se  faire  une  idye  des  stimulations  agissant  sur 
les  macules  otolithiques  4  diffyrentes  phases  caracty- 
ristiques  du  vol.  Ceci  ne  peut  prytendre  reprysenter  I’image 
de  la  perception  de  la  situation  par  le  pilote,  mais,  dans  ce 
cas  pryds,  apporte  des  yiyments  qui  permettent  de  mieux 
comprendre  une  partie  des  actions  effectuyes  par  le  pilote, 
en  particulier  pour  ce  qui  conceme  la  commande  de 
profondeur.  Comme  le  rapporte  Gillingham  (7),  ce  type  de 
dymardie  a  dyj4  yty  utiUsy  avec  succhs  pour  analyser  des 
accidents  oh  la  suspicion  de  dysorientation  spatiale  ytait 
forte. 

Sur  le  tracy  d’altitude  prysenty  4  la  figure  2,  quatre  points 
caractyristiques  ont  yty  dyfinis,  correspondant 
respectivement  4  I’entrye  dans  la  couche  nuageuse 
(point  1),  {’injection  dans  la  trajectoire  baiistique  (point  2), 
le  point  haut  en  altitude  (point  3)  et  la  sortie  de  la  couche 
(point  4). 

Pour  ces  quatres  points,  {’orientation  de  la  force  d’inertie 
agissant  sur  les  macules  otolithiques  a  yty  calcuiye,  en 
faisam  I’hypothyse  simplificatrice  que  la  tEte  du  pilote 
(HPP)  ytait  strictement  paraliyie  4  la  ryfyrence  horizontale 
du  fuselage.  Les  donnyes  d’accyiyration  prysentyes 
(provenant  des  accyiyromytres  de  bord)  se  ryfirent  aux  axes 
avion  et  les  diffyrentes  forces  sont  rapportyes  dans  un 
repyre  liy  au  sol  (EVR,  EHR).  On  peut  done  dyfinir,  d’une 
part,  I’an^e  d’orientation  de  la  macule  otolithique  dans  le 
repirt  terrestre  (fy,  supposy  identique  4  I’assiette  de 
I’lqtpareil),  tTautre  part  Tangle  existant  entre  la  rysultante 
des  forces  massiques  agissant  sur  cette  macule  et  la  verticale 
terrestre  (fj)  qui  constitue  la  composante  illusoire  de  la 
stimulation  otolithique. 

La  iigure3  prysente  I’yvtriution  de  ces  paramytres  aux 
difryraitt  points  pryoydemm«it  dyfinis,  caractyristiques  de 
la  tr^ectoiie.  Au  point  1  (fig.  3A),  au  moment  de  Tentr6e 
dans  la  coudie  nuageuse,  la  stimulation  ottriithique  induit 
une  perception  de  cabry  excessif,  mais  la  dysorioitation  iw 
sanMe  pas  oicore  pttente  puisque  Taction  sur  les 
cotnmandes  est  lelativement  normale  pour  la  situation. 
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Notons  ici  que  la  rotation  au  d^collsge  a  6t6 
particuli^rement  prononcte  (par  rapport  4  des  donn^es 
provenant  d’autres  d^coUages),  ce  qui  pourrait 
correspondre  i  un  soud  du  pilote  de  traverser  rapidement 
une  couche  nuageuse  qu’il  salt  Stre  peu  6paisse,  mais  peut 
Stre  aussi  i  rdaliser  un  d&;oUage  "de  performance*.  Quoi 
qu’il  en  soit,  il  corrige  progressivement  I’assiette  initiate  en 
poussant  sur  la  profondeur.  De  ce  fait,  la  composante 
d’acc£16ration  Jz  diminue  progressivement  alors  que  le  Jx 
demeure  constant.  Bien  que  I’assiette  r£elle  soit  revenue  i 
11°  au  point  2,  la  composition  des  forces  agissant  sur  les 
otolithes  indique  une  augmentation  de  Tangle  ce  qui 
corre^x>ndrait  ^  un  effet  sur  Tassiette  de  Tappareil  inverse 
H  celui  attmd'u  (fig.  3B). 

La  d^fientation  latente  devient  alors  patente  et  les 
actions  sur  les  commandes  sont  alors  plus  saccad^es, 
typiques  du  comportement  d'un  pilote  d£sorient£,  alors  que 
la  composante  d’acc^Mration  Jz  atteint  OG  au  sommet  de  la 
trajectoire  parabolique  (fig.  3C).  Les  automatismes  cognitifs 
persistent  cependant  en  d£pit  de  la  d^rientation 
manifeste  du  pilote,  puisque  celui-d  coupe  la  post¬ 
combustion  tr^  pr£ds£ment  4  300  noeud,  respectant  ainsi 
scnipuleusement  la  procdlure.  Ced  implique  done  une 
surveillance  tr£s  droite  du  paramitre  vitesse, 
vraisemblablement  en  tde-haute. 

Apr4s  Tarrd  de  la  post-combustion,  la  composante 
d’acc£l£ration  Jx  diminue  consid^rablement,  alors  que 
Tappareil  aborde  la  branche  descendante  de  $a  trajedoire 
parabolique.  Au  point  4  (fig.  3D),  la  composition  des  forces 
implique  encore  une  stimulation  otolithique  conduisant  4  la 
perception  illusoire  d’une  assiette  positive.  On  peut 
cependant  penser  que  le  pilote  est  particuli4rement  inquiet 
de  Tdolution  de  la  situation,  dans  la  mesure  ou  son  temps 
de  reaction  est  extr€mement  bref  d4s  qu'il  retrouve  la  vue 
du  sol. 

Notons  enfin  un  point  fondamentalement  important  pour 
cette  analyse,  qui  comporte  une  part  importante  de 
spdailations,  e’est  que  Tcnscinble  de  la  sequence  depuis  le 
lev4  des  roues  jusqu'4  Timpact  final  n’a  dur6  que  14 
secondes. 

3.  DISCUSSION 

II  s’agit  done  d’un  aeddent  dont  le  diroulement  typique 
permet  d’admettre  avec  une  quasi-certitude  Textstence 
d’une  disorientation  spatiale  comme  cause  diclenchante. 
Ced  est  tfautant  plus  probable  qu’aucun  difaut  de 
fonctionnement  de  la  machine  n’a  pu  itre  mis  en  ividence, 
la  seule  anomalie  constatie  objectivement  itant  une  erreur 
humaine  mineure,  Thorizon  de  secours  n’ayant  pas  iti 
dicagi.  En  admettan*  que  le  pilote  ait  utilisi  les 
informations  de  fnlotage  prisenties  dans  le  viseur  tite- 
haute,  conformiment  4  ce  qu’il  avait  appris  4 
Tentrainemem,  une  constatation  s’impose:  les  informations 
cTattitude  prisenties  dans  le  viseur  n’ont  soit  pas  M 
consulties,  soit  pas  M  "comprises”  et  utilisies.  Dans  les 
(teux  cas,  il  faut  considirer  le  comexte  de  la  pression 
temporelle  tris  forte  et  de  la  contrainte  imotionneDe 
risultant  des  conditions  d’environnement.  Ced  amine  4 


envisager  deux  aspeds  ,  le  premier  lii  4  Tentrainement, 
Tautre  4  la  symbologie  de  pilotage  priseiitie  dans  le  viseur 
tite-haute. 

3.1 .  L'entraifnement 

La  prentiire  idie  qui  vient  4  Te^rit  lorsque  Ton  analyse  cet 
aeddent  est  la  mise  en  cause  de  Texpirience  et  de 
Tentramement  du  pilote.  On  peut  parler  d’erreur  de 
pilotage  manifeste,  avec  une  focalisation  de  Tattention  sur 
la  vitesse  alors  que  les  informations  instrumentales 
d’attitude  sont  nigligies  au  profit  des  sensations  illusoires. 
Ced  est  sans  doute  vrai,  il  s’agit  d’un  pilote  relativement 
jeune  dont  Texpirience  du  vol  sans  visibility  est  limitye. 

Cette  analyse  brutale  est  cependant  beaucoup  trop 
superfidelle  et  mime  si  Terreur  humaine  est  manifeste  vis  4 
vis  des  standards  classiques  de  pilotage,  essentiellement 
cognitifs,  elle  doit  ytre  tempyrye  par  des  considyrations 
d’ordre  neurosensoriel.  II  faut  en  effet  rdaliser  que  ces 
illusions  sensorielles  sont  extrSmement  puissantes  et  il  n’est 
pas  un  pilote  qui,  un  jour  ou  Tautre,  n’en  ait  pas  ressenti  les 
eHets.  En  fait,  la  littyrature  sdentifique  et  plus  encore  la 
tradition  orale  des  forces  ayriennes  de  tous  pays  fourmille 
d’anecdotes  diverses  4  ce  sujet,  survenues  mdme  4  des 
pilotes  trbs  entrainys. 

Pour  Theure,  Tentrainement,  done  la  mise  en  jeu  de 
processus  cognitifs,  demeure  le  moyen  essentiel  de 
surmonter  les  effets  des  perceptions  d’orientation  erronyes 
rencontryes  en  vol.  Il  faut  cependant  bien  considyrer  que  ce 
fait  n’est,  sur  le  plan  de  Torientation  spatiale,  qu’un  palliatif 
qui  ryvyie  notre  incapacity  4  foumir  au  pilote  des 
informations  sensorielles  ryellement  adyquates  4  la  tSche  de 
pilotage. 

3.2.  Symbologia  d’attltuda 

La  faible  valeur  des  informations  d’attitudes  prysentyes 
classiquement  dans  les  viseurs  tyte-haute,  tout 
particiliyrement  dans  les  situations  f  oluant  tris 
rapidement  a  yty  reconnue  de  longue  date.  Le  faible  champ 
couvert  par  ces  informations,  prysentyes  en  vision  centrale 
avec  une  fchelle  unitaire  est  loin  d’avoir  la  valeur  des 
informations  naturelles  s’adressant  4  la  vision  pyriphyrique 
et,  d’un  autre  cdty,  ne  permet  pas  de  b&tir  une 
reprysentation  d’orientation  d’une  manibre  aussi 
satisfaisante  qu’avec  un  instrument  comme  la  boule.  Dans 
le  cas  prysent,  les  yvolutions  n’impliquaient  pas  une 
dynamique  d’yvolution  de  trhs  grande  amplitude,  ce  qui 
aurait  pu  permettre  une  utilisation  correcte  de  informations 
u  attitude.  11  semble  bien  pourtant  qu’elles  n’aient  pas  6t6 
utOisyes,  peut  ytre  en  raison  du  dycours  temporel  tris  bref, 
mais  sans  doute  aussi  parce  que  leur  interprytation  est  loin 
crytre  intuitive,  myme  dans  cette  situation.  Ces  ryflesdons 
ambnent  4  se  poser  un  problhme  de  fond  qui  touche  au 
processus  myme  de  Torientation  spatiale,  tant  sous  son 
aipea  sensorimoteur  que  sur  celui  de  la  construction  de  la 
reprysentation  mentale  qui  en  est  faite. 
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3.3.  L'oriantation  spatiale;  Aspacts  sensori- 
motaurs  at  raprtoantationnais 

L’£tude  des  compoitements  d’orientation  spatiale  a 
traditionnellement  partag^e  entre  deux  grandes  6cole$  qui, 
comme  le  souligne  Paillard  (11),  se  sent  souvent  oppose. 
D’un  cdt£,  les  tenants  de  theories  impliquant  la 
transformation  directe  des  entries  sensorielles  en  sorties 
motrices,  dans  la  grande  ligne  de  la  reflexologie 
Sherringtonienne,  de  I’autre  les  cognitivistes  insistant  sur  le 
r&le  d’une  construction  mentale  k  I’origine  des 
mouvements. 

Bien  que  cette  opposition  soit  aujourd’hui  assez  latgement 
d6pass6e  sur  le  plan  sdentiflque,  elle  conditionne  encore 
consid^rablement  les  approches  qui  peuvent  £tre  proposies 
sur  le  plan  pratique  pour  amiliorer  la  perception 
d’orientation  spatiale  en  vol.  II  ne  semble  done  pas  inutile 
d’apporter  quelques  donnies  ricentes  sur  revolution  de  ce 
sujet. 

De  nombreuses  tentatives  ont  iti  faites  afln  de  mieux 
dirmir  les  differentes  modalitis  d’orientation  spatiale,  en 
particulier  en  France  oil  Paillard  (11,  12)  a  propose  un 
moyen  de  reunir  les  aspeas  centraux  et  peripheriques  en 
postulant  deux  types  de  relations  spatiales  contribuant 
independamment  4  I’organisation  nerveuse  des 
compoitements  spatiaux.  II  deFuiit  ainsi  deux  modalitis 
differentes  de  traitement  de  I’information  qui  coexisteraient 
dans  le  cerveau,  le  mode  sensorimoteur  et  le  mode 
represeitUtionnel. 

Selon  cet  auteur,  le  mode  sensorimoteur  entretient  un 
dialogue  dirr'ct  avec  le  monde  physique  au  travers  d’ure 
connection  directe  de  I’appareil  sensorimoteur,  contribuant 
ainsi  au  renouvellement  continu  d’unc  carte  egocentrie  de 
I’espace  extracorporel,  alors  que  le  mode  represeMationnel 
derive  d’activites  neurales  explorant  les  representations 
mentales  de  la  rialire  physique  contenues  en  memoire, 
permettant  remergence  d’un  systeme  stable  de  coordonnees 
allocentriques. 

les  deux  modes  opereraient  en  paralieie,  chacun  utilisant  ses 
propres  voies  neurales,  generant  et  stockant  sa  propre 
cartographie  de  I’espace.  Le  choix  de  I’un  ou  I’autre  mode 
pourrait  dependre  du  type  de  probieme  spatial  4  resoudre. 
Cependant,  pour  d’autres  auteurs  qui  expriment  des 
concepts  proches  (6),  les  deux  modalites  ne 
fonaiormeraient  pas  vraiment  en  paralieie  mais 
impliqueraient  plutdt  un  procide  d’echantiUonnage 
periodique.  Ces  conceptions  susdtent  un  interSt  soutenu,  en 
particulier  pour  tenter  d’appoiter  des  elements  quantitatifs 
concemant  le  mode  r^resentMionnel  du  componement 
spatial,  qui  implique  la  cognition  spatiale(8). 

3.4.  ApprochM  possMM  at  parapactivaa 

L’analyse  des  drcwistances  de  I’acddent  aerien 
precedemment  expose,  fait  assez  nettement  apparaitre  que 
le  compoitement  spatial  du  pilote  a  ete  essentiellement 
comhtionne  par  une  dominance  de  la  modalite 
sensorimotrice  sur  la  modalite  represemationnelle.  Les 
processus  cognitifs  mis  en  jeu  par  le  pilote,  contrdle  de  la 
Vitesse,  action  sur  la  manette  des  gaz,  respea  des 


procedures,  n’impliquent  pas  le  probieme  de  I’orientation 
dans  I’e^ace  environnant.  Le  problbme  est  ici  constitue  par 
le  fait  que  le  processus  d’estimation  traitant  les  donnees 
sensorimotrices  aboutit  a  une  estimation  d’etat  qui  diverge 
de  retat  vrai,  en  raison  du  poids  des  informations  d’origine 
ineitielle de  I’absence  d’informations  visuelleo. 

Deux  voies  d’action  essentielles  semblent  done  ouvertes,  en 
se  fondant  sur  I’existence  de  deux  modalites  d’orientation 
coexistentes.  L’une  passe  par  le  renforcement  du 
fonctionnement  de  la  modalite  representatioimelle,  non 
seulement  par  I’entrainement  mais  surtout  par  I’utilisation 
d’une  symbologie  utilisant  au  mieux  les  caracteristiques  de 
ce  mode,  I’autre  par  la  realisation  d’une  suppieance 
sensorimotrice  dont  I’objectif  serait  de  permettre 
I’obtention,  dans  le  mode  sensorimoteur,  d’une  estimation 
d’etat  coherente  avec  la  realite  phyaque. 

3.4.1.  Vote  representationnelle 

Jusqu’4  present  e’est  dans  cette  voie  que  se  sont 
developpees  les  avancees  les  plus  concretes  et  efHcaces  dans 
le  domaine  de  la  presentation  d’informations  d’orientation 
qiatiale.  De  nombreux  auteurs  ont  contribue  au 
developpement  d’une  symbologie  d’attitude  optimale  et  il 
faut  citer  ici  les  travaux  de  Newman  (10)  et  surtout  les 
'emarquables  etudes  experimentales  realisees  4  I’iAM  et  au 
RAE,  dont  les  prentices  avaient  ete  presentees  par  Taylor 
en  1984  (16).  Les  preoccupations  actuelles  semblent  porter 
sur  les  mecanismes  psychophysiques  et  neurophysiologiques 
impliques  dans  la  perception  des  informations  presentees, 
avec  une  opposition  entre  les  informations  globales  et 
locales  (13).  Weinstein  et  Ercoline  (17)  se  sont  pour  leur 
part  attaches  4  proposer  une  standardisation  de  la 
symbologie  presentee  dans  les  viseurs  tSte-haute. 

Enfin  pour  certain.,  auteurs,  comme  Menu  e;  Amalberti  (9) 
il  semble  necessaire  de  priviiegier  les  informations 
presentees  au  pilote  dans  un  mode  representationnel  de 
haut  niveau,  favorisant  une  resolution  globale  de  la 
situation,  plutdt  que  d’amener  des  donnees  destinees  4 
rtgler  un  probldme  >onctuel  d’orientation  spatiale.  Il 
tempdrent  cependant  leur  analyse  pour  Tos  situations  ou  la 
contrainte  temporelle  est  trbs  forte  et  la  dynamique  de 
I’appareil  de  forte  amplitude. 

3.4J.  Voie  sensorimotrice 

Bien  que  de  nombreux  auteurs  se  soient  penchds  sur  le 
probieme  d”  la  sui^ldance  sensorimotrice,  essentiellement 
visuelle,  peu  de  realisations  pratiques  reellement  utilisables 
ont  vu  le  jour  et  de  nombreuses  questions  sont  encore 
posees,  comme  le  soulignent  Christensen  et  coU.  (S).  La 
perspeaive  d’apporter  une  information  4  valeur 
sensorimotrice  directe  est  bien  sOr  extremement  s6duisante, 
et  la  ''oie  de  recherche  la  plus  avanefe,  sans  doute  aussi  la 
plus  andenne,  porte  sur  I’utilisation  de  la  visitm 
pdriphdrique.  Il  ne  s’agit  cependant  pas  d’une  voie  occlusive 
comme  le  souligne  Rupert  (IS).  Sur  le  phut  tedinique,  les 
probldmes  majeurs  sont  constituds  par  la  ddtmnmatkm  des 
informations  idellement  peitinentes  et  la  n6cessit6  de  les 
presenter  avec  une  grande  coherence  tenqwrrile  et  qMtiale, 
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non  seulement  vis  vis  du  monde  reel,  mais  aussi  par 
rapport  aux  informations  sensorielles  d’origine  vestibulaire. 

3.4J.  Coherence  des  informations 

L’introduaion  de  dispositifs  de  visualisation  li6s  ^  la  tfete 
ouvre  dans  le  domaine  de  la  presentation  d’informations 
d’orientation  ^atiale  une  probl^matique  totalement 
nouvelle.  EUe  ouvre  la  perspeaive  d’une  utilisation 
d’informations  adressant  direaement  la  modality 
d’orientation  sensorimotrice,  pt  r  la  presentation  d’images 
capteurs  du  monde  reel,  mais  aussi  celle  d’un  risque  de 
desorientation  accru  si  la  coherence  de  ces  informations 
n’est  pas  totalement  maitrisee, 

Au  deli  de  ce  probieme  de  coherence  de  premier  niveau, 
une  question  fondamentale  se  pose,  comme  le  souligne 
Paillard  (12).  “Si  nous  devons  admettre  la  coexistence  darts 
les  organisations  biologiques,  d’une  part  d’une  machine 
reactive,  directement  soumise  ^  Taction  des  contraintes 

environnementales . ,  d’autre  part,  d’une  machine 

projective  capable  de  differer  ces  reponses  immediates  et 
de  moduler  ses  aaions  en  fonaion  d’un  futur  previsible,  il 
importe  alors  d’etudier  pragmatiquement  la  maniere  dont 
ces  deux  modalites  de  fonctionnement  interagissent, 
coopirent  ou  m6me  s’opposent  &  Toccasion  dans  la  gestion 
des  activites  comportementales  ou  cognitives”.  Dans  le 
domaine  des  visualisations,  et  tout  particulierement  pour  ce 
qui  conceme  les  visuels  de  casque  impliquant  un  contexte 
sensorimoteur  particulierement  prononce,  c’est  poser  la 
question  de  la  coherence  entre  les  informations  " 
sensorimotrices"  et  "cognitives"  qui,  toutes  deux,  vont 
contribuer  ^  la  realisation  correae  de  la  tache  de  pilotage. 
II  s'agit  le  d'un  domaine  tres  vaste  et  encore  mal  explore, 
mais  dont  la  connaissance  est  sans  doute  cruciale  pour  la 
mise  en  oeuvre  optimale  des  visuels  de  casque  dans  Icur 
fonaion  d’aide  au  pilotage 

4.  CONCLUSIONS 

L’analyse  de  cet  accident  montre  done  bien  clairement 
combien  les  illusions  sensorielles  peuvent  avoir  des  effets 
puissants,  amenant  un  pilote  i  op6rer  dans  une  modalite 
d’orientation  spatiale  sensorimotrice  (reaaive)  piutdt  qu’en 
utilisant  le  mode  representationnel  (projeaif)  acquis  lors  de 
Tentrainement.  La  contrainte  temporelle,  le  contexte 
emotionnel  et  Texp^rience  limitSe  du  pilote  constituent  sans 
doute  des  dl^ments  d’importance,  sans  qu’ils  puissent  etre 
consideres  comme  totalement  d6terminants. 

Apparemment,  les  informations  visuelles  d’attitude 
pr^sent^es  dans  le  viseur  t£te-haute  n’ont  pas  6t£  utilise 
ou  n’ont  pas  6t6  correaement  interpr6t6es,  en  tout  6tat  de 
cause  n’ont  pas  sufTt  au  pilote  pour  reconnaitre  la  situation 
d'iliusion  sensorielle  et  la  surmonter.  Ceci  pose  direaement 
le  probieme  des  caraa^ristiques  optimales  de  cette 
symbologie  et  la  connaissance  des  limites  de  la  conflance 
que  Ton  peut  apporter  aux  informations  d’ordre  purement 
cognitif  dans  la  prevention  dc  la  desorientation  spatiale. 

Enfm,  paralieiement  aux  aaions  qui  sont  menees  dans  le 
domaine  de  Torientatinn  .spatiale  cognitive  et  de  la 
suppieance  sen.sonmotricc,  une  voie  dc  recherche 


importante  est  sans  doute  constituee  par  Tetude  des 
relations  entre  les  deux  modalites  d’orientation  spatiale. 
L’utilisation  optimale  des  possibilites  offertes  par  les  visuels 
de  casque  pourrait  en  effet  d6pendre  fortement  de  la 
coherence  qui  existera  entre  les  informations  relevant  de 
chacune  des  modalites. 
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Figure  1 :  Mdcanisme  de  base  des  illusions  somatograviques. 
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Figure  2.  Sequences  de  vol.  Les  principaux  paramdtres  du  vol  el  les  actions  du  pilote  sur  les  commandes  son! 
prdscntds  depuis  la  rotation  au  ddcollage  jusqu’d  I’impact  sur  la  piste 
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Figure  3 :  Analyse  neurosensorielle.  A-  au  point  1  de  la  figure  2,  apr^s  i’entrde  dans  la  couche  nuageuse  le  pilote 
per^oit  un  cabrd  excessif.  B-  point  2,  Taction  sur  la  commande  de  profondeur  amdne  une  rdduction  de 
T  acceleration  Jz,  accroissant  la  rotation  du  vecteur  inertiel  resultant,  Tassiette  per9ue  augmentant 
paradoxalement. 

C-  point  3,  passage  i  0  Gz,  desorientation  complete.  D-  point  4,  dans  la  branche  descendante  de  la  parabole  la 
composition  des  vecteurs  Jx  et  Jz  aboutit  encore  4  la  perception  d’une  assiette  positive. 
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Summary  :  Accident  prevention  has  been  a  continuous  concern  since  the  early  beginnings  of  aviation.  Early 
efforts  in  prevention  have  been  devoted  to  system  reliability,  then  to  physiological  factors,  hnprovements  in  both  these 
directions  lead  to  consider  cognitive  factors  as  the  main  source  of  accidents.  Prevention  efforts  must  take  into  account 
pilots' cognitive  processes.  In  dq>th  cognitive  analysis  of  aircraft  accidents  serve  to  pointout  error  mechanisms.  Statistics 
complete  this  figure  showing  the  respective  occurence  frequency  of  these  mechanisms,  therefore  orient  the  preventive 
actions.  Such  an  approach,  focused  on  the  cognitive  factors  involves  to  define  a  specific  analysis  grid  from  psycholo¬ 
gical  theories  on  human  error.  The  elaborated  grid  is  the  basis  to  design  a  cognitive  oriented  data  base. 


1.  INTRODUCnON 

La  place  des  facteurs  humains  en  tant  qu'6l6ment  k  part  enti&re  de 
la  s6curit6  des  vols  n'est  plus  it  d6montrer.  (}ue  ce  soit  dans 
I'aironautique  civile  ou  militaire,  elle  repr£sente  autour  de  70% 
des  accidents .  Les  enseignements  obtenus  de  T  analyse  des  compte- 
rendus  d' accidents  dependent  des  methodologies  d'exploitation 
mises  en  oeuvre.  Mieux  comprendre  les  mecanismes  qui  aboutis- 
sent  k  la  production  des  erreurs  humaines  necessite  en  paiticulier 
d’effectuerdes  analyses  "enprofondeur”  des  rapportsd'enquSte. 
On  digage  ainsi  des  caracteristiques  du  raisonnonent  humain  en 
fonction  des  circonstances  de  I’accident.  Mais  rapidement,  il 
devient  utile  d’entreprendre  une  exploitation  statislique  de  ces 
conclusions.  Cette  approche  statistique  n’est  pas  triviale  puis- 
qu’il  faut  rendre  compte  de  mecanismes  dependant  de  leur 
contexte  de  survenue.  L’eiaboration  d'une  grille  d'analyse  qui 
permette  d'exprimer  le  plus  fideiemcnt  possible  toutes  ces  paiti- 
cularites  devient  le  principal  defi  i  la  realisation  d'une  banque  de 
dtmnees.  Parmi  les  bases  de  donnees  existantes,  raies  sont  celles 
qui  prennent  en  compte  les  mecanismes  cognitifs  impliques  dans 
la  production  des  eireurs.  Ce  pqjier  vise  h  decrire  lademaichequi 
a  seivi  k  reiaboratkm  d'une  telle  base  de  doraiees.  La  premiere 
partie  a  pour  objecdf  de  montier  la  place  des  facteurs  cognitifs 
dans  les  facteurs  humains responsables  d’evencments  aeriens.  La 
seconde  partie  decrit  la  demarche  theorique  qui  a  permis  de 
definir  la  grille  d’analyse  pour  exploiter  les  dossiers  d’enquete. 
Dans  la  titnsieme  et  demiere  partie,  sont  prisentes  les  principes 
d'informatisadon  de  la  base  de  donnees. 

2.  PLACE  DES  FACTEURS  COGNITIFS  DANS  LES 

EvEnements  aEriens 

2.1.  Cadre  dcretDde 

Apprehcnder  I'ermir  humaine  au  travels  des  accidents  aeriens 
consdnie  un  pari  ambigu.  En  effet,  on  ne  peut  conccvoir  que  les 
accidents  soient  la  traduction  de  toutes  les  erreurs  produiles. 
Nombreuses  sont  celles  qui  ne  portent  pas  k  consequence  ou  qui 
sont  recuperecs  par  leurs)  auteurs  ou  encore  qui  passent  inaper- 
(ues.  Dans  tcnis  les  cas,  les  mecanismes  qui  ont  conduit  i  la 


production  de  I’erreur  sont  identiques.  C’est  au  niveau  des 
ctHisequenccs  ou  de  la  recuperation  que  se  "joue"  ou  non  I'acci- 
dent.  Soit  I'exemple  d'un  aeronef  de  combat  qui  accroche  une 
ligne  haute-tension :  si  I’avion  s'ecrase,  I’evenement est  classe 
accident,  si  le  pilote  rambne  1  ’  aeronef,  U  est  classe  incident  or,  les 
processtis  qui  ont  abouti  k  I’accrochage  sont  dans  les  deux  cas 
identiques  :  soit  une  mauvaise  preparation  de  la  mission,  soit  le 
pilote  qui  ne  rcgardaitpas  dehors  ou  soit  le  pilote  legardait  dehors 
mais  il  n’a  pas  per(u  la  ligne.  Dans  le  cadre  d’une  approche 
statistique  sur  les  mecanismes  de  production  de  1  'erieur,  1’  interet 
est  de  collationner  le  plus  d’evbnements  possible  et  de  ne  pas  se 
limiter  aux  seuls  accidents.  Au  sein  de  I’Aimee  de  I’Air  Fran- 
f  aise,  des  enquetes  similaires  k  celles  des  accidents  sont  menees 
pour  les  incidents  graves  n’entrainantpasde  perte  humaine  ou  de 
destruction  d’ aeronef.  Prendre  en  compte  les  accidents  et  inci¬ 
dents  graves  permet  d’enrichir  la  base  de  donnees,  ils  seront  d€- 
nommes  evknemcnts  aeriens. 

2.2.  Les  dilKrents  facteurs  humains 

L’analyse  des  dossiers  d’enquete  des  accidents  et  incidents 
graves  survenus  dans  I’Armee  de  I’Air  Fran^aise  entre  1980  et 
1991  montre  les  points  suivants  (voir  figure  1). 

L’evolution  de  la  responsabilite  des  facteurs  humains  dans  la 
survenue  des  evknements  aeriens  presente  une  courbe  sensible- 
ment  parallkle  k  celle  de  revolution  de  la  place  des  facteurs 
humains  dans  les  accidents.  On constatecependant  despourcen- 
tages  plus  eievks  dfls  k  une  predominance  des  facteurs  humains 
dans  la  survenue  d’incidents  graves  par  rapport  aux  accidents. 
Ces  chiffies  corroboient  ainsi  le  fait  que  les  seuls  accidents  ne 
reflktent  qu’une  partie  des  evknements  oil  sont  impliques  les 
facteurs  humains.  Prendre  en  compte  les  incidents  graves  permet 
d’en  avoir  une  meilleuie  traduction,  mais  on  peut  peiiserque  des 
etudes  prenant  en  compte  les  incidents  mineurs  et  les  temoigna- 
gesdespilotes  peimettraicnt  une  quantification  plus  lealiste.  Le 
programme  Aviation  Safety  Repmting  System  (ASRS)  de  la 
NASA  (Reynard  et  al.,  1986)  et  le  programme  de  prevention  des 
accidents  de  la  compagnie  aerienne  fran9aise  Air  France  (Gau¬ 
thier,  1991)sontdes  exemplesqui  vont  dans  cette  direction. 
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Figure  1 .  Place  des  Facteurs  Humains  dans  les  Evdnements  et  Accidents 
Adriens  de  L'Armde  de  I’Air  Frangaise  (1980-1 991 ) 


Les  diff^rents  facteurs  humains  responsables  d'dvteemous  a£- 
riens  se  r£partissent  en  (voir  figue  2) : 

Facteurs  mddicaux,  physiques  ou  toxiques :  6.5%  des 
facteurs  humains.  Aucun  facteur  pathologique  n'est  incrimind, 
les  causes  toxiques  le  sont  dans  1.5%  et  la  fatigue  dans  5%. 

Alteration  des  capacit6s  par  application  de  contrain- 
tes  physiologiques  Uecs  au  vol :  2.5%  des  facteurs  humains.  Ils  se 
repartissent  en  2%  pour  la  ddsorientation  spatiale  et  0,5%  oil  une 
perte  de  connaissance  sous  acceleration  a  pu  etre  evoquee. 
L’  analyse  que  Ton  peut  faire  sur  I’emploi  des  termes  "desoricn- 
tation  spatiale"  au  cours  de  ces  12  annecs  montre  im  manque  de 
clartedans  ladeHnitiondece  concept  Menuet  Amalberti  (1989) 
ont  precise  les  differcntes  acceptions  que  1  'on  pouvait  attribuer  it 
ces  termes.  Ils  parlent  de  desoricntation  spatiale  pour  qualifier 
toils  les  conflits  intersensoriels  geneies  par  les  contraintes  phy¬ 
siologiques  ptopres  aux  deplacements  dans  les  trois  dimensions 
ainsi  que  ceux  declcnches  ou  aggraves  par  des  agressions  physi¬ 
ques  aeronautiques  et  qui  ont  des  retentissements  sur  les  mecanis- 
mes  de  1 'orientation  spatiale.  Ainsi  la  perturbation  de  la  vision 
peripherique  sous  hypoxie  peut  modifier  les  relations  oeil-vesti- 
bule  dans  I'orientation  spatiale.  Le  resultat  d'un  processus  de 
desorientation  est  la  survenue  d'illusion  sensorielle  voire  de 
cinetose.  Les  mots  "disorientation  spatiale"  sont  employes  ici 
avec  ce  sens. 


-  Inadiquation  des  processus  de  raisonnement :  87% 
des  facteurs  humains.  Les  processus  de  raisonnement  se  difinis- 
sent  comme  les  processus  de  prise  d'information.  de  traitement 
de  I’information,  d'exicudon  des  actions  mais  aussi  d'ilabora- 
tion  d'lm  refirentiel  opiratif  commun  (de  Terssac  et  Chabaud, 
1990)  tors  du  travail  h  plusieurs  (iquipage.  patrouille.  guidage 
sous  controle).  L'ensemble  de  ces  facteurs  constituent  les  fac¬ 
teurs  cognitifs.  C'est  dans  cette  classe  de  I'inadiquation  des 
processus  de  raisonnement  que  Menu  et  Amalberti  distinguent  la 
capadti  it  comprcndre  I'ivoluiion  d'un  processus  dynamique. 
Cette  compiihension  aboutit  i  la  notion  de  positionnement  dans 
un  environnement  giographique  puis  tactique  lorsque  le  pilote 
doit  intigrer  la  situation  tactique.  On  ne  peut  alois  parier  d’il- 
lusion  sensorielle  puisque  c’est  auniveau  de  1 '  interpritation  de  la 
situation  qu'il  y  aproblime  et  nonde  la  fusion  sensoridle.  Cepen- 
dant.  ntnnbreuses  sont  les  confusions  entre  ces  deux  micanismes 
fondamentalement  diffirents  et  qui  sont  tous  deux  dinommis 
dismientation  spatiale. 

Les  4%  restants  de  facteurs  humains  dipassent  le 
cadre  de  I'activiti  des  opirateurs  engagis  dans  la  tache  de 
pilotage.  Ils  concement  les  aspects  de  maintenance  et  peimettent 
d'ilargir  le  concept  d’erreur  humaine.  Ce  point  sera  abordi 
ultirieurement. 


Figure  2.  FMparlltion  des  Facleurs  Humains  responsables  des  Evdnements  Adriens 
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Cette  r^aititian  montre  que  le  point -cl£  de  U  sdcurit^  des  vols  est 
I'inad&]uation  des  processus  de  Taisonnement.  Plus  classique- 
ment,  toute  cette  caxigotic  repr£sente  ce  que  I  'on  appelk  I'erreur 
humaine. 

Pout  alter  plus  loin  dans  I’analyse  de  I’erreur  humaine,  il  est 
n£cessaire  de  prteiser  ce  que  regroupe  ce  concept  mais  auss  i  d  ’  en 
ddfinir  un  cache  thdorique. 

3.  BASES  THtoRIQUES 

3.1.  Diflnir  I’erreur  humaine 

Les  definitions  de  1  'erreur  humaine  scmt  multiples  et  loin  de  faire 
I'unanimite.  Cependant,  deux  approches  se  distinguent  dans  la 
mesure  oil  I’interet  repose  sur  les  mecanismes  cognitifs.  La 
premiere,  la  plusclassique,  cxmsiste  kconsiderer  I'erreur  cximme 
un  6cart  h  la  norme  (Leplat,  1985).  Cette  definition  presente 
I'avantage  d'idcntifier  claiiement  les  erreurs  mais  elle  pose  le 
problime  du  choix  de  la  nonne  de  reference.  Comme  le  {uecise 
Cellier  (1990),  3  leferentiels  peuvent  etie  choisis  : 

-  celui  de  la  tache  prescrile  telle  qu'elle  est 
dermie  par  les  concepteurs. 

-  (xlui  des  operatcurs  de  la  profession  ;  toute 
situation  de  travail  se  caracterise  pcnir  les  operateurs  par  une 
adaptation  de  la  tache  prescrite  qui  cxmsisle  en  une  redefiniticm 
des  huts.  La  reference  est  alors  ce  que  fait  un  op£rateurr£aIisant 
la  mission  et  ne  faisant  pas  d'erreur.  Cette  rffirencx  se  distingue 
de  celle  des  operateurs  qui  sont  reconnus  ccmune  "experts"  par  la 
profession,  car  I'expcnise  alors  envisagde  n'est  pas  obligatoire- 
ment  adaptie  1  ce  que  sail  faire  le  pilole.  Amalberti  et  al.  (1987) 
one  montre  qu'k  cdiaque  niveau  de  qualification  cxnrespond  une 
expertise  differente,  ass<x;iee  1  des  cormaissatKes  specifiques, 
pour  realiser  des  buts  effectifs  differents. 

Le  troisibrne  rfferentiel  est  celui  de  I'opera- 
teur  lui-meme,  en  tant  qu'individu  rdalisant  une  (2che  dans  une 
situation  particulibre  et  qui  se  defmit  des  buts  speciriques.  On 
parle  alors  d’acdvite  de  I'ciperateur. 

S'il  est  facile  de  dire  qu'ily  a  erreur  puisqu'ily  a  eu  accident,  il 
est  beaucoup  moins  facile  de  dire  pour  qui  il  y  a  eu  erreur.  Tout 
dbpend  du  rbfbrentiel  choisi.  On  rejoint  U  une  distinction  fonda- 
mentale  faite  entre  une  apprcKhe  des  accidents  esnerde  sur  la 
recherche  de  responsabilitb  qui  ferarbfirence  b  la  tiche  prescrite, 
et  une  approche  preventive  qui  cherche  b  comprendre  les  mica- 
nismes  qui  ont  conduit  b  la  pioduction  de  I  'erreur.  Dans  le  cadre 
de  reiaboration  de  la  base  de  demnees,  I'erreur  humaine  est 
dermie  comme  un  ecart  b  ce  que  font  les  operateurs  de  la 
profession  b  qualification  equivalente. 

La  deuxibme  approche  de  I'erreur  humaine,  procdie  du  troisieme 
refercntiel  consiste  b  introduire  la  notion  de  norme  subjective  et 
b  donner  b  I'intention  de  I'operateur  un  role  central  (Reason. 
1 990).  L'erreur  se  definit  comme  un  ecart  b  I'intenlian.  Beaucoup 
plus  difTicile  b  manipuler  en  tant  que  deHnition  de  I'erreur  dans 
le  cadre  d  ’  un  rapport  d 'enquete,  cette  approche  est  plus  operative 
pour  analyser  les  mecanismes  cognitifs  et  comprendre  la  genbse 
del 'erreur. 

3.2.  L'n  cadre  theorlqiic  de  I’erreur  en  Abronautique 

L'blaboration  du  cadre  thborique  a  2  objectifs : 

dbfinir  une  grille  d '  analyse  des  bvbnements  abriens.  n 
est  important  d'utiliser  une  grille  claire  et  exhaustive  en  en 
dbrmissantbien mutes lesrubriques (Nagel,  1988).  Pirexemple, 
les  termes  "focalisation,  exebs  de  confiance,  manque  de  rigueur, 
technicitb  insuffisinte,  inattention  et  erreur  de  jugement"  sont 
frbquemment  rencontrbs  dans  les  rapports  d'enqubte.  Or,  ces 
termes  ne  sont  pas  dbfinis  avec  prbeision  et  prbsentent  le  plus 


souvent  une  redondance.  Batir  une  grille  d'analyse  sur  de  tels 
termes  ne  peut  mener  qu'b  une  impasse. 

rendre  compte  d'bvbnements  aussi  varibs  que  ceux 
rencontibs.  Si  dansl'aviationcivile,  les  profils  demission  varient 
trbs  peu,  an  ne  peut  en  dire  autant  dans  1'  aviation  militaire.  Or,  en 
raison  du  nombre  des  bvbnements  qui  survierment  dans  1' Aimbe 
de  I’Air  Fran(aise,  une  analyse  stadsdque  ne  peut  s’envisager 
qu’b  travers  la  prise  en  compte  de  tons  les  bvbnements :  avions  de 
combat  monoplace  ou  biplece,  avions  de  transport  en  mission 
tactique  et  avions  bcole,  pour  ne  citer  que  les  principaux. 

L’erreur  humaine  s’intbgre  dans  un  systbme  b  3  dimensions : 

les  faits  qui  r^nbsentent  la  desoiption  du  processus 
et  des  ctxnporlements  observables  de  I’tqibrateur. 

les  facteurs  initiaux  ou  aggravants 

les  mbcanismes  d'erreurs 

Les  fails  sont  les  blbments  objectifs  de  I’enquete.  Ds  font 
rbfbrence  au  type  de  mission,  aux  conditions  de  rbalisatkn  de  la 
mission,  b  I'abronef  et  b  I'expbrience  abronautique  du  pilote. 
L'etablissement  des  fails  propres  aux  dbroulement  de  la  mission 
dbpend  des  sources  d’informalion  (prbsence  d’enregistreurs  de 
vol,  richesse  des  enregistreurs,  tbmoignage  des  opbrateurs  ou 
d’observateurs).  Ds  posent  le  problbme  du  dbbut  de  leur  descrqi- 
tion  et  du  niveau  de  granularitb  b  adopter. 

Les  facteurs  se  dbfinissent  comme  des  conditions  qui  peu¬ 
vent  favoriser  ou  aggraver  la  survenue  d’une  erreur.  ^  effet, 
I ’occurence  d ’une  erreur  n 'est  pas  toujours  libe  b  la  prbsence  d’un 
ou  plusieurs  facteurs,  I’erreur  pouvant  s'expliquer  par  son  seul 
mbcanisme.  La  mise  en  bvidence  des  facteurs  est  dbduite  des 
fails.  En  ce  sens,  les  facteurs  sont  objectifs  mais  leur  implication 
dans  le  dbroulement  d’une  situation  incidentelle  est  beaucoup 
plus  infbrentielle. 

La  notion  de  facteur  peut  etre  illustrbe  en  prenant  I’exemple  de 
I’envirormement  pauvre  en  stimulus  visuel  pour  bvaluer  la  hau¬ 
teur  dans  un  vol  basse  altitude  (survol  dbsertique).  Pour  tous  les 
pilotes  et  dans  le  mbme  environnement,  les  informations  visuel- 
lessontidentiques.  L’analyse  des  informations  est  un  mbcanisme 
aedf  qui  dbpend  de  la  repibsentadon  qu'a  le  pilote  de  la  situation. 
Settle  uiK  reprbsentation  considbrant  que  la  hauteur  n’est  pas 
potentiellement  conflictuelle,  ambnera  le  pilote  b  ne  pas  trailer 
finement  les  indices  sensoriels  ou  b  ne  pas  adopter  des  stratbgies 
diffbrentes  de  pilotage  (pilotage  plus  centrb  sur  les  instruments 
par  exemple).  Le  facteur  "pauvretb  des  indices  visuels  lelatiGi  b 
I'apprbciation  de  la  hauteur"  n'est  pas  la  cause  de  I'accidentmais 
par  centre  il  a  pudbclencherou  aggraver  un  mbcanisme  cognidf 
conduisant  b  I’erreur. 

La  connaissance  des  diffbrents  facteurs  et  leurs  implicadons 
probables  constituent  des  moyens  directs  d’ambliorer  la  sbeuritb 
des  vols.  Cinq  catbgories  de  facteurs  peuvent  etre  identifibs : 

-  les  facteurs  mbdicaux  et  physiques :  pathologie,  toxi- 
que,  fadgue. . . 

les  facteurs  physiologiques  libs  au  vol  :  hypoxie, 
hypcrfiarie.accblbradon. . . 

les  facteurs  psychologiques  :  personnalitb,  modva- 
tkm,  stress. . . 

les  facteurs  environnementaux :  visuel,  sonore,  ther- 
mique,  mbtbo. . . 

les  facteurs  de  communicadon  :  mbdia,  leadership, 
langageopbradf... 

Lesmbcanismcsd’erTeurstraduisentlesprocessuscogrud& 
qui  ont  conduit  b  la  survenue  de  I'erreur.  Leur  identification 
rbsulted’une  dtoarche  infbrendelle  faite  par  I'  analysteen  raison 
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bicn  souvent  de  r  absence  de  donnies  suffisames  dam  le  rapport 
d'enquele  mais  aussi  ca  raison  de  la  part  non  consciente  de 
certaim  de  ces  micanismes.  On  en  distingue  quaire ; 

les  raids  d'exdcution.  L’optnteur  a  une  intention 
adqxde  i  la  situation  mais  les  actiom  qu'il  effectue  sont  inconec- 
tes.  Les  raids  survieiuient  dam  les  tachesfoutinidresetfortement 
automadsdes  Ob  1 '  activitd  de  1 'opdrateur  est  basde  sur  des  habitu¬ 
des.  Le  raid  s'explique  par  une  ctqtture  attendonnelle  quientraine 
une  ddfaillance  du  condole  de  1 'action.  Un  exempk  typique  de 
raid  est  le  pikKe  qui,  apids  s 'etre  posd,  veut  softir  les  ai^fieim  et 
rentre  le  train,  les  deux  manettes  dtant  I'une  dcdtd  de  I'autre.  On 
retrouvedam  ces  erreurs  les  "finger-enDrs''  ddcrites  par  Wiener 
(1986). 


Les  fautes  par  manque  de  connaissances  consistent  at  I’emploi 
de  rdgles  ou  procddtnres  inadtq>tdes  aux  intendons  de  1 'opdratw : 
soil  parce  que  la  procddure  est  enonnde,  soil  parce  qu'elle  est 
correcte  mais  ne  correspondant  pas  d  la  situadon,  ou  soil  la 
procddure  est  connue  mais  non  ^ipliqude. 

Les  indisciplines  refldtent  une  intendon  ddlibdrde  de 
I’opdrateur  de  sordr  du  cadre  de  ce  que  font  les  op&ateurs 
(confdre  la  ddfmidon  de  I’erreur  humaine  donnde  prdoddem- 
ment).  Les  exenqtles  de  tels  comportonents  sont  multiples  en 
admiautique  (passage  d  basse  aldtude  au-dessus  de  la  maison 
d’unamiquiseterminetragiquement).  Damcescas,lesbuisque 
se  fixe  le  pilotc  sortent  du  cadre  de  sa  mission  et  tie  visent  qu’d 
contenter  des  sadsfactiom  personnelles. 


Les  fautes  traduisent  un  dchec  des  processus  dejuge- 
ment,  d’infdrence  et  de  planificadon  inddpoidamment  de  I’exd- 
cudon  des  acdons.  Deux  catdgories  de  fautes  peuvent  etie  d6cri- 
tes  :  les  fautes  que  Reason  (1986)  d6crit  comme  com£cudves  d 
une  "ratknmalitd  limitde"  et  les  fautes  par  manque  de  connaissan¬ 
ces. 

Le  principe  des  fautes  par  "radoimalitd  linutde"  repose  sur  les 
capacitis  limitdes  qu'a  I’opfrateur  en  tant  qu'etre  humain  de 
trailer  1  'information.  Confiontd  ddes  situadom  complexes,  1  'op£- 
rateur  grace  d  2  m6canismes  de  recouvrement  cognidf  fia  compa- 
raison  par  similaritd  et  la  speculation  sur  la  frequence)  tente  de 
simplifier  la  realite  et  de  ramener  la  situation  d  une  situation 
connue.  Reason  atcribue  d  ces  mecanismes  de  recouvrement  la 
faculte  qu'a  I'operateur  d'evoluer  dam  son  enviionnement.  En 
conire-paide  de  cet  avantage,  ils  peuvent  g&ierer  des  erreurs  Uees 
d  I'imprecision  que  leur  foncdonnement  entraine.  Les  erreurs 
generecs  portent  en  a6ionautique  sur  3  domaines  : 

•  une  mauvaise  rqprfsentadon  de  I'en- 
vironnement,  par  exemple  la  mauvaise  apprfciadon  d'une  hau¬ 
teur  ou  d'une  distance. 


-  Les  erreurs  par  rum  61aboradond'un  i6f6rBndelop6- 
radf  commim.  Ces  erreurs  font  appel  d  des  m£canismes  d&^ts 
dam  les  fautes  mais  la  relation  sociale  due  d  la  pr6saice  d'un  ou 
plusieurs  c^>6rateurs  iniroduit  d'auires  mfcsnismes.  En  effet,  le 
r6fihendel  op^atif  commun  s  '61abore  d  partir  d'une  rq>r6senta- 
don  de  ce  qu'on  pense  que  I'autre  sail  et  de  I'image  sociak  que 
va  g6n6rer  son  propre  comportemott.  Un  exempk  classique  de 
barridres  sociales  qui  peuvent  s'imtalkr  dam  un  cockpit  est 
reprdsenk  par  le  cas  oil  le  commandant  de  botd  et  le  copilote  ont 
une  qualification  et  une  experience  dquivakntes  :  aucun  des 
membres  d'^quipage  n'osera  s'exprimer  face  d  une  situation  qui 
se  degrade  pemant  que  I'autre  interviendrait  s'il  y  avail  un 
probkme  potentiel  ou  que  I'avis  que  Ton  pern  donner  n'est  pas 
de  circomtance.  La  situation  peut  alors  se  poursuivre  jusqu'd 
1 'incident  bien  que  les  membres  d 'equipage  pressentcnt  une 
situadtmconflictuelk. 

Parmi  ks  87%  d'erreurs  dues  d  une  inadequation  des  processm 
de  raisonnements,  ccs  differcnts  mecanismes  d'erreurs  se  rdpar- 
tissent  de  la  fa(on  suivante  (voir  figure  3) : 

-  9%  pour  les  rates  d' execution. 


•  une  mauvaise  representation  de  I'etat 
avion  que  ce  soil  krrs  d'une  parme  reacteur  ou  lots  de  I'uiilisaiion 
des  systdines  em  barques. 

•  une  mauvaise  representation  des  ac¬ 
tions  d  mener  en  termes  de  strategies  ou  de  choix  de  conduite  : 
utilisation  des  modes  du  sytdme  de  navigation  ou  choix  de 
pilotage  d  vue  par  exempk. 


-  48%  pour  les  erreurs  par  "rationnalite  limitee"  dont 
16%  pour  les  mauvaises  representations  de  I'environnemeni, 
10,5%  pour  les  mauvaises  representatiom  de  I'etat  avion  et 
21  pour  ks  mauvaises  representatiom  des  actkms  d  mener. 

25%  pour  ks  erreurs  par  manque  de  connaissances. 

-  64*%  pour  les  indisciplines. 

113%  pour  lanon-elaboration  d'un  leferentiel  opera- 
tif  commun. 


MOISCmJNES  rates  D'EXECUnON 


21,5% 


REPREKNTATION 
ACTIONS  A  B7BrrUBt 


Figure  3.  Repartition  des  Erreurs  par  InadAquation  des  Processus  de  Raisonnement 
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L'interet  de  ces  premiers  rdsultats  est  de  montrer  1  ‘adequation  du 
cadre  theorique  au  contexte  aeronautiquc.  Tous  les  mecanismes 
ddcrils  constituent  une  part  non  ndgligeable  dans  la  survenue  des 
evinements  aeriens.  Les  efforts  pour  ameiiorer  la  securite  pas- 
sent  par  une  prise  en  compte  de  tous  ces  mecanismes  i  travers  des 
classifications  des  faits  et  des  facteurs  qui  y  sont  associes.  Ces 
donndes  sont  en  cours  d'integration  dans  la  base  et  devraient 
permettre  d’ici  peu  des  exploitations  systematiques. 

33.  L’erreur  en  amont  du  pilote 

L'erreur  a  longtemps  ete  envisagde  au  niveau  du  pilote  ou  des 
differents  opdrateurs  impliques  dans  la  realisation  de  la  tache 
(navigateur,  controleur),  mais  la  securite  des  vols  conceme  aussi 
des  (^lerateurs  et  des  hommes  qui  sont  en  amont  du  pilote.  Ceux 
qui  viennent  Ic  plus  rapidement  a  I'esprit  sont  ceux  impliques 
dans  la  maintenance  et  ils  representent  4%  des  facteurs  humains 
(voir  section  2.1 .) .  Mais  l'erreur  humaine  peut  se  situer  bien  en 
avanL  On  parlera  de  globalite  de  rerreur.  Or,  i  chaque  niveau 
precedant  le  pilote,  tout  est  fait  pour  que  rerreur  soit  minimale. 
Une  rbgle  de  cette  succession  de  niveaux  consiste  li  supple  par 
une  couche  les  erreurs  que  Ton  n'a  pas  pu  supprimer  ^  la  couche 
pr^cidente.  En  sch£matisant,  on  peut  dicrire  les  couches  suivan- 
tes  :  definition  de  la  tache,  choix  de  conception,  organisation, 
mat^riels,  rbglementation  et  en  dernier  I  'opdrateur,  c'est  li  dire  le 
pilote.  Dernier  maillon  de  cette  succession  de  couches,  le  pilote 
a  pour  charge  de  r^updrer  les  erreurs  qui  n  'ont  pu  etre  evit^es  aux 
niveaux  pr6c£dents.  D  remplit  cette  fonction  grace  i  ses  capacit£s 
d'adaptation  qui  le  rendent  irremplafable.  En  contre-partie,  et 
nous  I'avons  vu,  il  est  possible  qu'il  ^oue.  Dans  ce  cas,  une 
approche  systdmique  permet  d'^tudier  les  diffdrents  niveaux  et 
non  pas  de  se  focaliser  sur  le  seul  pilote.  Toute  demarche 
s’inscrivant  dans  I'am^lioration  de  la  s^curiti  des  vols  doit 
prendre  en  compte  ces  iltSmcnts. 

4.  LA  BASE  DE  DONNtESINFORMATISfiE 

La  base  de  donn^es  infoimatis^  est  construite  a  partir  de  la  grille 


d'  analyse  d&mte  ci-dessus  (voir  figure  4).  EUe  est  sur  un  Micto- 
ordinateur  Mac  Intosh  LC  d'Apple  d£di£  spdcifiquement.  La 
base  est  idalisde  i  I'aide  d’un  logickl  de  traitement  de  donn^. 
Le  logiciel  "(^uatribme  Dimension"  d'A.C.I.  a  £t£  choisi  en 
raison  de  ses  quality  pour  reprdsenter  le  formalisme  que  nous 
venons  de  dicrire,  des  nombreuses  possibilit6s  qu’il  offre  pour 
exploiter  les  donndes  et  de  son  interface  con  vi  vial.  Le  principe  de 
"Quatribne  Dimension"  est  de  constituer  une  base  de  doimdes 
relationnelle :  c*est-k-dire,  ddfinir  des  concepts  avec  leuis  attri- 
buts  et  mettre  en  relation  ces  concepts  pour  etablir  un  graphe.  Ce 
graphe  permet ,  d '  une  part ,  d  ’  insurer  tou tes  les  donndes  oblenues 
lorsdc  I’exploitation  des  dossiers  et,  d’ autre  part,  d’envisager  des 
sorties  multiples  lots  de  1' interrogation  de  la  base. 

Le  schema  reprisente  I'ensemble  des  diff£rents  concepts  de  la 
base.  On  y  distingue  les  m£canismes  psychologiques,  les  diff£- 
rents  facteurs  et  les  faits  qui  sont  repr£sent£s  par  les  concepts 
"conditions  accidents"  ei.  "personnels". 

5.  CONCLUSION 

La  demarche  suivie  s'inscrit  dans  une  approche  preventive  de 
l’erreur  humaine  basee  sur  une  meilleure  comprehensitm  des 
mecanismes  cognitifs.  Cette  meilleure  comprehension  passe  par 
une  analyse  plus  large  que  celle  des  settles  analyses  "en  profon- 
deur".  Elle  ne  peut  se  faire  que  par  une  exploitation  informatisde 
des  dotmdes  afin  de  ddgager  des  enseignements  sur  I’dvolution 
des  facteurs  el  des  mdcanismes  cognitifs  d'erreur  par  rapport  aux 
gdndrationsd’adronefs  en  service  ou  ala  formation  et  alacarribre 
despilotes.  La  bonne  rdalisation  d’un  outil  informatique  est  alors 
un  point-cld  pour  assurer  la  coherence  et  la  continuite  des 
analyses.  L’intdret  d’un  tel  outil  est  en  relation  directe  avec  les 
prdoccupations  ergonomiques  de  none  division  pour  faciliter  la 
correction  de  sysibmes existants,  I ’dlaboration  de nouveaux  sys- 
tbmes  et  k  formation  des  pilotes. 


(ab^tondetor^ 


Figure  4.  Graphe  Relationnel  de  fa  Base  de  Donndes 
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Susmary: 

A  number  of  20  military  pilots  drank  cer¬ 
tain  amounts  of  alcohol  until  the  blood 
alcohol  concentrations  reached  a  level  of 
about  0.8  o/oo.  After  that  they  had  to  fly 
IFR  mission  using  the  flight  simulator  for 
2  1/2  hours.  They  were  told  to  perform  the 
complete  program  of  navigation  and  flight 
operations  and  also  communication  with  for 
example  air  traffic  control  (ATC).  During 
the  simulated  flight  programmed  technical 
failures  occurred  concerning  the  instru¬ 
ments  and  the  engine.  The  reactions  of 
pilots  and  the  cause  were  registered.  The 
results  were  obtained  by  summarizing  false 
reactions.  Significant  differences  in  the 
number  of  wrong  reactions  due  to  alcohol 
consumption  were  registered. 

Introduction: 

In  most  of  the  experimental  examinations 
of  the  effects  of  alcoholic  intoxication 
the  test  persons  had  to  accomplish  a 
"SingU  Task"  or  "Double  Tasks"  (for 
example,  center  line  and  glide  pass  con¬ 
trol  during  an  ILS  approach).  So  only  one 
or  two  tasks  had  to  be  performed  which 
called  for  concentration  and  psychomotoric 
coordination. 

Obviously,  these  methods  allow  only 
statements  about  the  effects  of  single  or 
double  psychophysical  strains. 

Extrapolations  and  statements  on  the  over¬ 
all  performance  in  case  of  more  complex 
tasks  such  as  flying  an  aircraft  can  be 
made  only  in  a  very  general  and  super¬ 
ficial  sense. 

Flying  an  aircraft,  however,  is  a  multi¬ 
functional  activity  and  requires  conside¬ 
rably  more  manual  activity  than  driving  a 
car.  Under  extreme  conditions  -  occurring 
in  the  past  while  flying  the  P-104  -  the 
pilot  was  forced  to  take  decisions  every 
1.5  seconds  on  average. 

To  make  statements  on  the  degradation  of 
the  overall  performance,  an  examination 
under  real  flight  conditions  -  that  is 
under  functional  integrity  -  would  be  re¬ 
quired.  However,  flights  of  intoxicated 
pilots  must  be  ruled  out  and  the  results 
gained  under  an  artificial  teat  environ¬ 
ment  (single/double  task)  are  not  so  com¬ 
prehensive  as  to  allow  an  overall  assess¬ 
ment  . 

Using  a  flight  simulator  is  the  only 
chance  to  realistically  generate  all 
events  during  the  movewnts  of  an  air¬ 
craft  . 


Me  now  would  like  to  report  our  experience 
with  such  a  simulator. 

Setup  of  the  experiment; 

20  professional  pilots  had  to  consume  an 
amount  of  0.8  g  alcohol  per  kg  body  weight 
within  one  hour  to  the  effect  that  blood 
alcohol  concentrations  of  up  to  0.08  per¬ 
cent  were  achieved.  Bach  of  the  crews  had 
then  to  carry  out  a  2.5-hour  IFR  flight  in 
the  completely  equipped,  hydraulically 
movable  SEAKING  helicopter  cockpit  of  the 
MK-41  simulator.  The  reactions  of  the 
intoxicated  pilots  were  compared  with  the 
reactions  of  the  same  pilots  not  under  the 
influence  of  alcohol  on  a  similar  diffi¬ 
cult  flight. 

The  flights  were  supervised  on  a  flight 
instructor  control  panel  which  showed  all 
the  coclcpit  instruiaents  and,  in  addition, 
displayed  flight  tracks  and  operational 
readiness  of  the  helicopter  systems  on 
screen.  The  supervising  instructor  also 
played  the  role  of  the  ground  control 
stations . 

The  test  was  primarily  intended  to  assess 
the  alcohol -induced  performance  degrada¬ 
tion  prevailing  in  specific  areas  under 
the  overall  strain  of  the  flight. 

One  mission,  for  example,  consisted  of  a 
night  flight  from  Banau  over  Frankfurt, 
Fintben,  Coleman,  Sembach,  Ramstein  to 
Pferdsfeld.  After  the  take-off  the 
altitude  hold  broke  down  for  the  entire 
duration  of  the  flight.  The  route 
initially  led  to  Hanau  NDB,  Metro  VOR  to 
Frankfurt  where  an  ILS  approach  on  runway 
25  was  ordered.  Different  altitudes  had  to 
be  maintained  t>etween  the  two  beacons. 
Increased  air  traffic  required  a  holding 
over  the  Metro  VOR  until  the  approach 
clearance  was  given.  The  situation  was 
aggravated  by  the  failure  of  the  entire 
autoamtic  stabilization  during  holding  and 
ILS  approach.  The  ILS  approach  was  carried 
out  as  planned.  During  the  overflight  the 
crew  received  a  comprehensive  further 
clearance  covering  several  check  points 
all  the  way  up  to  Finthen.  One  of  the 
check  points  was  the  IF  intersection  Vinti 
which  was,  however,  not  entered  in  the 
navigation  map  but  only  on  the  approach 
chart  for  Finthen.  The  pilots  had  to 
maintain  different  alti^des  between  the 
various  check  points.  A^er  finishing  the 
approach  the  crew  had  to  continue  their 
flight  with  STAB-ON,  that  is  with  auto¬ 
matic  stabilization.  The  second  ILS 
approach  in  Finthen  was  executed  as 
planned  in  the  form  of  an  NDB  approach  on 
runway  08.  During  the  turn  to  the  center 
line  both  artificial  horizons  were  blocked 
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on  the  slant.  The  crew  had  now  to  execute 
the  whole  approach  with  their  stand-by 
horizon  and  altitude  indicator. 

After  finishing  the  approach  both  horizons 
were  operating  properly  again.  The  crew 
received  a  comprehensive  further  clearance 
directing  them  to  an  intersection.  To 
approach  the  intersection,  a  radial  from 
Frankfurt  to  Vortac  had  to  be  flown  and 
maintained.  Increased  air  traffic,  how¬ 
ever,  required  the  crew  to  fly  a  waiting 
loop  radial /fix  in  non-standard  holding. 
From  there  a  further  clearance  inbound 
Coleman  was  given  and  a  VOR/NBD  approach 
executed  on  runway  05.  During  the  af^roach 
the  automatic  FSC  had  a  malfunction  for¬ 
cing  the  helicopter  into  an  anomal  flight 
attitude.  The  crew  had  then  to  take  over 
manual  control  whereby  the  pitch  stabili- 
sator  broke  down.  During  the  flight  over 
Coleman  a  further  clearance  towards  Sem- 
bach  was  received  with  an  lAF  for  a  TACAN 
approach  on  runway  07.  At  an  altitude  of 
4000  ft.  one  of  the  front  fuel  pumps 
failed,  initially  without  consequences. 
Shortly  later,  however,  also  the  generator 
fl  broke  down  causing  the  failure  of  the 
second  front  fuel  pump  and  the  second  rear 
fuel  pump:  leading  to  an  overall  malfunc¬ 
tion  of  engine  41,  that  means  to  a 
f lameout. 

For  explanation:  Following  the  malfunction 
of  the  fuel  pump  a  baffle  valve  had  to  be 
opened  in  order  to  avoid  the  f lameout.  If 
the  breakdown  of  the  engine  had  not  been 
prevented,  Sembach  was  the  ultimate  desti¬ 
nation  of  the  flight. 

This  example  shows  the  large  extent  of  the 
navigation  work  required  by  the  crews  such 
as  precise  approaches  to  check  points, 
altitude  and  course  changes  in  holdings, 
and  various  landing  and  go-around  proce¬ 
dures.  These  tests  were  made  more  diffi¬ 
cult  by  temporary  failures  of  instruments 
or  erroneous  beacon  signals,  changes  in 
wind  direction  and  force,  and  failures  of 
important  helicopter  equipment  assemblies 
such  as  fuel  pumps  and  the  automatic  FCS, 
finally  ending  in  the  f lameout  of  an 
engine. 

Depending  on  their  flight  experience,  even 
non- intoxicated  pilots  vrauld  have  to  make 
an  all-out  effort  to  master  such  problems. 

Results : 

The  reactions  of  the  intoxicated  pilots 
were  compared  with  those  reached  by  the 
same  pilots  not  under  the  influence  of 
alcohol  in  a  similar  difficult  flight.  Me 
assessed  three  different  categories  of 
activity: 

1.  Handling  of  radio  communications 

2.  Navigational  performance 

3.  Helicopter  control  and  observation  of 
instruments 

After  collecting  the  relevant  data  of  all 
test  series,  we  came  to  the  following 
results : 

-  Mistakes  in  the  operation  of  control 
instruments  and  communication  devices 
occurred  more  frequently  under  the  in¬ 
fluence  of  alcohol. 

-  Prescribed  Manages  were  not  always 
transmitted  no  matter  whether  or  not  the 


pilots  were  intoxicated.  The  communica¬ 
tive  understanding  was  considerably  re¬ 
stricted  under  the  influence  of  alcohol. 

-  The  pilots  performed  worse  in  certain 
flight  procedures  e.g.  (approach,  hol¬ 
ding)  . 

-  The  influence  of  the  wind  was  almost 
permanently  underestimated. 

-  All  pilots  went  through  the  check  lists 
incorrectly;  under  the  influence  of 
alcohol  this  deficiency  occasionally  led 
to  major  flight  errors  (for  example, 
non- retracted  landing  gear  in  flight). 

-  Altitudes  and  courses  were  also  incor¬ 
rectly  maintained.  Dnder  the  influence 
of  alcohol,  however,  several  crews  got 
coaq>letely  lost. 

-  The  control  of  the  helicopter  either 
with  functioning  or  defect  supporting 
systesm  was  limited  under  the  influence 
of  alcohol . 

-  Intoxicated  pilots  did  not  watch  their 
instruments  correctly  and,  therefore, 
failed  to  tiziely  recognize  occurring 
errors. 

-  Only  the  error  rate  of  very  experienced 
pilots  did  not  increase.  Pilots  with 
average  or  leas  flight  experience, 
however,  were  considerably  impaired  by 
the  influence  of  alcohol. 

-  In  addition,  a  certain  negligence  in 
transmitting  prescribed  messages  and 
handling  check  lists  became  obvious. 
Intoxicated  pilots  frequently  had  a 
muddled  way  of  speaking  and  mixed  up 
figures. 

-  In  some  cases,  the  co-pilot  made  the 
pilot  aware  of  errors  which  only  then 
were  corrected. 

Ist  category: 

The  supervising  instructor  listened  to 
the  radio  traffic,  assessed  the  speed  of 
speech  and  variations  in  the  way  of  spea¬ 
king,  and  counted  the  occuring  communi¬ 
cation  problems. 

Communicative  errors  and  misunderstandings 
occurred  under  the  influence  of  alcohol. 
During  the  first  hour  of  flight,  we  also 
frequently  noticed  a  slower  and  conside¬ 
rably  muddled  and  offhand  way  of  speaking 
and  a  loose  mood  i  .  talks. 

In  five  cases  the  clearances  given  by  the 
ground  radio  station  had  to  be  repeated  in 
full.  One  of  the  crews  was  even  unable  to 
understand  and  repeat  the  meaning  of  a 
further  clearance  though  the  Mssage  was 
transmitted  several  tiMS.  This  fact 
resulted  in  a  gross  impairment  to  flying 
safety.  All  other  errors  of  this  category 
had  no  immediate  consequences. 

2nd  category: 

Major  errors  occurred  in  the  navigation  of 
the  helicopter.  Once  a  holding  was  flown 
on  the  wrong  side,  another  tiM  along  an 
offset  course.  In  three  other  cases  dis¬ 
orientation  prevailed  (slide).  One  crew 
flew  to  a  wrong  initial  approach  fix  on 
the  airway.  During  one  flight  the  position 
of  the  radio  compass  needle  was  misinter¬ 
preted  to  the  effect  that  the  pilot  con¬ 
founded  the  sides.  Another  crew  followed  a 
wrong  approach  course  to  the  airfield. 
Finally,  the  deviation  from  the  planned 
approaches  to  certain  lAFs  on  the  airways 
reached  up  to  7  nm  which  considerably  ex- 
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ceeded  the  margin  achieved  in  the  tests 
with  the  pilots  being  sober.  In  four 
cases,  navigational  errors  led  to  dange¬ 
rous  situations. 

3rd  category:  Helicopter  control 
Apart  from  minor  errors  which  were  made  by 
sober  pilots  as  well,  big  mistakes  occur¬ 
red  under  the  influence  of  alcohol  which 
would  doubtlessly  have  jeopardized  the 
flying  safety  or  caused  a  near  crash.  In 
one  case  the  pilot  fell  considerably  below 
the  prescribed  minimum  speed  during  a  lan¬ 
ding  approach.  In  another  case,  the  pilot 
failed  to  recognize  that  he  had  already 
left  the  airfield  far  behind  him  but 
nevertheless  continued  his  letdown.  One 
crew  forgot  to  lower  the  landing  gear  and 
another  crew  fell  considerably  short  of 
the  cruising  speed  resulting  in  a  near 
crash . 

Apart  from  these  errors,  the  emergency 
procedures  provided  for  in  case  vital 
equipment  or  engines  fail  were  always 
mastered  even  under  the  influence  of  alco¬ 
hol.  It  was  interesting  to  note  that  - 
despite  the  breakdown  of  the  automatic  FCS 
-  one  of  the  ten  crews  sticked  under  the 
influence  of  alcohol  more  precisely  to  the 
prescribed  glide  path  and  course  than  it 
had  done  otherwise. 

Conclusions: 

It  is  to  note  that  major  errors  regularly 
occurred  in  radio  communications,  naviga¬ 
tion  and  helicopter  control  which  occa¬ 
sionally  endangered  flying  safety. 


Sober  pilots  with  great  experience,  that 
is  with  more  than  2500  flight  hours,  had, 
if  at  all,  only  a  slightly  increased  error 
rate  under  the  influence  of  alcohol. 

Less  experienced  pilots,  however,  with  a 
total  of  1500  flight  hours  or  below,  per¬ 
formed  significantly  worse,  if  not  cos^le- 
tely  disoriented,  under  the  influence  of 
alcohol  than  otherwise. 

So  we  may  conclude  that  in  addition  to  a 
possible  intoxication  of  a  pilot  also  his 
proficiency  plays  a  very  important  role  in 
the  investigation  of  aircraft  accidents. 

Final  notes: 

1.  Pilots  with  a  blood  alcohol  level  below 
0.1  g  per  ml  usually  made  mistakes  in 
communicating  over  radio  and  in  con¬ 
trolling  the  helicopter  and  so  jeopar¬ 
dized  the  flying  safety. 

2.  Pilots  with  a  very  comprehensive  and 
long-lasting  experience  showed,  if  at 
all,  only  a  slight  performance  degra¬ 
dation  under  the  influence  of  alcohol. 

3.  The  crews  never  failed  to  execute  the 
emergency  procedures  correctly  even 
under  the  influence  of  alcohol. 
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Summary 


Controlled  or  uncontrolled  water  entry  (ditching)  by 
Royal  Naval  helicopters  continues  to  occur  and  is  a 
significant  loss  of  resource  -  both  human  and  aircraft. 
Accidents  over  a  ten  year  p''nod  (1982-1991)  are  listed, 
causation  and  trends  analysed,  and  preventative 
mca.surcs  put  forward,  as  are  initiatives  to  increase 
post  ditching  suivivability. 

Key  words  -  Helicopter,  accidents,  disorientation, 
survivability. 

Introduction 

Any  malfunction,  either  minor  or  catastrophic,  in  a 
helicopter  flight  over  water,  may  result  in  cither  a 
controlled  or  uncontrolled  ditching.  Several  factors  may 
influence  this.  These  include: 

-  Distance  from  land  -  wnere  the  malfunction 
precludes  any  transit  to  a  landing  on  terra  firma. 

-  Embarked  flying  from  ships,  where  the 
malfunction  may  preclude  any  trans''  time  or 
the  size  and  characteristics  of  the  landing 
platform  is  unsuitable  for  the  type  of  landing 
required  by  the  malfunction. 

-  Flight  profile  -  altitude,  in  forward  flight, 
or  in  the  hover. 

-  The  associated  sea  state. 

-  Day  or  night  flying. 

Maritime  Environment 

Two  examples  will  illustrate  this.  A  loss  of  tail  rotor 
control  in  the  hover  at  night  under  high  power  (torque) 
conditions  will  result  in  an  urKontrolled  ditching  with 
probable  immediate  inversion  of  the  helicopter,  whereas 
in  forward  flight  over  larxl  either  a  running  landing  or 
an  autorotation  should  lead  to  a  successful  outcome  for 


both  crew  and  machine.  Similarly,  any  engine 
malfunction  in  a  twin  engined  helicopter  hovering 
outside  its  single  engine  performance  parameters  will 
result  in  a  reasonably  controlled  water  entry,  tlie 
outcome  of  which  will  depend  on  the  flotation 
characteristics  of  the  helicopter  and  the  prevailing 
weather  conditions;  whilst  in  forward  flight  no  major 
consequences  should  result. 

Thus  given  the  inhospitable  environment  the  overall 
objectives  must  obviously  be  to  minimis^  the  chances  of 
a  ditching  by  preventative  measures,  but  since  in 
practice  this  cannot  be  guaranteed,  additionally  to 
maximise  the  chances  of  a  successful  egress  by  the  crew 
from  an  inverted  helicopter  with  the  crew  compartment 
submerged. 

Ditchings 

Royal  Naval  helicopter  accidents  have  recently  been 
reviewed  (1,2,  3),  ami  a  con  plete  overview  of  British 
military  helicopter  ditchings  has  recently  been 
completed  (4).  It  is  not  therefore  intended  to  re-state 
these  findings  here.  Rather,  an  analysis  of  a  ten  year 
period  of  Royal  Navy  ditchings,  from  82  to  91,  has 
been  performed.  Simple  tabulated  results  show  no  new 
lessons  only  to  re-emphasise  that  where  the  ditching 
has  occurred  in  a  relatively  controlled  fashion,  crew 
survivability  is  good. 

However  this  basic  information  can  be  improved  by 
plotting  it  in  this  format: 

No  human  error  Human  error 

I - - - . - . . . I 

Mechanical  failure  No  mechanical 

failure 

If  the  tables  are  subdivided.  Table  1  gives  accidents  due 
.solely  to  catastrophic  mechanical  failure  and  Table  2. 
those  due  to  aircrew  error  with  no  aircraft  malfunction. 
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Dale  Aircraft 


Remarks 


12.05.82  Sea  King  5  ZA132... 
11.07.82  Sea  King  5  XV698... 


,30.09.82  Lynx  XZ247 . 

28,10.82  WaspXS568 . 

04.05.83  Lynx  XZ249 . 

27.05.83  Wasp  XV638 . 

20.06.83  Sea  King  5  ZA130... 

06.09.83  Wasp  XT427 . 

13.04.84  Wasp  XT794 . 

29.09.84  Sea  King  5  ZA134... 

05.03.85  Wasp  XT423 . 

05.11.85  Sea  King  5  XZ918... 
26,10.86  Sea  King  5  ZD632... 
03.02.88  Sea  King  5  'sV652... 
27,10.89  Sea  King  5  XZ582... 
01.06,90  Lynx  XZ734 . 

10,09.90  Sea  King  6  ZD63L.. 


Engine  failure  in  hover. 
Engine  failure  in  hover, 
other  engine  failed  to 
respond. 

Fire  in  main  gearbox. 
Engine  failure. 

Tail  rotor  control 

failure. 

Oil  pump  failure. 

Tail  rotor  control 

failure. 

Partial  engine  failure. 
Partial  engine  failure. 
Engine  failure  in  hover. 
Engine  failure. 

MRGB  lub  failure. 
Fuel  starvation. 

Tail  rotor  drive  failure. 
MRGB  lub  failure. 
Harpoon  failure,  rolled 
off  deck. 

MRGB  lub  failure. 


However  these  extremes  do  not  account  for  all 
accidents,  and  another  table.  Table  3,  annotates  those 
with  an  aircraft  malfunction  with  an  inappropriate 
response  by  the  crew. 

18.05.82  Sea  King  5  XZ573  -  Rad  alt  failure  in  night 
hover  mishandled, 

24.03.87  Sea  King  5  XV668  -  3  ECS  malfunction 
during  high  workload  night  hover  in  very 
poor  conditions  overwhelmed  crew’s  flying 
ability.  A/c  crashed  nose  first  into  sea. 

13.10.88  Sea  King  5  XZ916  -  2  Minor  u/carriage 
malfunction  distracted  pilots,  a/c  flew  into  sea 
30  secs  after  night  launch  from  ship. 

Totals:  Ditchings  -  3 
Fatalities  -  5 

Table  3  -  A/C  Malfunction.  Inappropriate  Response 


Relevant  factors  will  now  be  discussed. 


TotiUs:  Ditchings  -  17  Note:  MRGB  -  Main 

rotor  gearbox 

Fatalities  -  Nil 

Table  1  -  Catastrophic  Mechanical  Failure 


2  3.04.82  Sea  King  4  ZA31 1  -  I  Flew  into  sea  at  night 
during  high  workload,  single  pilot  o[x;ralions. 

19.05.82  Sea  King  4  ZA294  -  21  Descended  into  sea  at 
night  during  high  workload,  single  pilot 
wartime  operations  with  minimum  visual  cues 
at  very  high  AUW. 


Mechanical  Failure 


The  Sea  King  anti  submarine  fleet  will  remain  in  service 
lor  some  years  yet,  witli  the  requirement  for  all  weather 
day  and  night  operations  at  the  hover  under  high  power 
conditions  for  long  periods.  From  Table  1  it  can  be 
seen  that  failures  associated  with  the  main  rotor  gearbox 
in  the  Sea  King  continue  to  occur,  and  with  the 
requirement  for  an  immediate  "landing"  as  a 
consequence  of  the  gearlxtx's  inability  to  continue 
running  safely  dry,  or  without  oil,  there  remains  the 
possibility  of  loss  of  aircraft  and  crew.  Incidents 
involving  gearbox  malfunctions  arc  to  a  great  extent 
associated  with  a  failure  of  oil  pressure,  or  the  high 
speed  input  shafts  from  the  engines. 


03.02.83  Sea  King  5  XV658  -  1  Rew  into  sea  during 
mis-judged  wingover  manoeuvre. 

Its  10  85  Sea  King  2  XV672  -  Fuel  exhaustion, 
mis-identillcd  mol'ier  ship. 

10.03  88  Lynx  XZ243  -  2  Descended  into  sea  during 
mis-judged.  abbreviated  night  approach  to 
ship  while  short  of  fuel. 

01.06.91  ,Sca  King  5  XZ577  -  Hit  ship  during 
nhs-judged  fly  past. 

Totals:  Ditchings  -  6 
Fatalities  -  25 


Civil  Sikorsky  S6Ls  and  US  Navy  Sikorsky  SH3s  are 
fitted  with  an  emergency  lubrication  system  which 
allows  30  minutes  of  llight.  which  is  usually  sufficient 
to  at  least  carry  out  a  pre-planned  emergency  water 
landing  if  unable  to  reach  a  landing  platform. 

Royal  Naval  Sea  Kings  are  being  modified  in  two  areas. 
First,  a  more  sophisticated  emergency  lubricating  system 
is  being  iastallcd.  which  will  involve  an  additional  sump 
and  separate  pipework.  Second  the  bearings  on  the  high 
speed  input  shafts  are  being  modified  to  allow  reduced 
lubrication  demand  and  greater  tolerance  to  total  failure 
of  oil  supply. 

These  two  together  should  provide  nvich  improved 
.safely  perfomiancc,  with  an  excess  of  two  hours 
emergency  running  time. 


Table  2  ■  Aircrew  Error.  No  A/C  Malfunction 


Figure  1 :  Mdcanisme  de  base  des  iliusioiis  somatograviques. 


This  will  not  only  decrease  the  possibility  of  unwanted 
ditchings,  but  also  in  the  worst  case  give  ample  time  in 
descents  from  altitude  before  a  final  catastrophic 
gearbox  failure. 

Disorientation 

At  the  other  end  of  the  scale  in  Tables  2  and  3  are 
instances  whereby  a  perfectly  serviceable  aircraft  is 
tlown  into  the  sea  through  human  error  or  through  an 
inappropriate  response  to  a  containable  malfunction. 
The  major  causation  is  through  disorientation.  More 
worrying,  although  disorientation  was  only  cited  in  23% 
of  the  accidents,  because  of  the  speed  and  high  impact 
forces  involved  it  accounted  for  85%  of  fatalities. 
Ninety  per  cent  of  all  fatalities  through  disorientation 
could  be  attributed  to  inadvertent  loss  of  height. 


The  maritime  helicopter  environment  is  well  known  for 
its  potential  to  induce  di.sorientation,  and  causes  and 
effects  have  been  well  documented  (3,  5,  6,  7). 
However,  despite  aircrew  being  very  aware  of  its 
insidiou.s  onset  and  nature,  and  of  the  correct  recovery 
actions,  incidents  continue  to  (.K'cur.  A  typical  recent 
example  is: 
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"On  over-shoot  at  100ft  UXlkts  30  degree  angle 
of  bank  with  Rad  Alt  hold  engaged  pilot 
glanced  up  to  ensure  flight  path  clear.  On 
return  to  instruments  height  noted  to  be  30ft 
and  descending.  Aircraft  levelled  at  10ft  before 
recovery  effective.  Aircraft  relumed  for 
uneventful  landing". 

Peripheral  Vision  Displays 

There  are  two  types  of  human  vi.sual  infonnation 
processing  pathways,  one  involving  central  vision,  and 
the  other  peripheral  vision.  The  latter  does  not  involve 
central  processing  and  is  tlie  main  input  for  human 
orientation.  Mindful  of  this.  Malcolm  developed  a 
peripheral  vision  device  (PVHD  or  "Malcolm"  horizon) 
which  utilised  a  gyro  stabilised  laser  generated  narrow 
beam  of  light  displaying  on  the  flight  instrument  panel 
(8).  Peripheral  visual  cues  would  result  which  would 
alert  the  pilot  to  an  unplanned  departure  from  his 
desired  attitude.  Tests  were  performed  in  a  RN  Sea 
King,  but  integrating  the  device  into  a  traditional  flight 
instrument  display  with  varying  light  sources  and 
inten.sities  and  into  the  as.sociated  harsh  vibration 
environment  proved  difficult.  However  using  the  same 
principle,  a  system  of  light  emitting  diodes  placed  on 
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the  main  cockpit  windscreen  frames  has  been  developed 
to  give  similar  cues  (9),  and  is  under  trial  at  present. 

To  date  no  trial  reports  are  available,  but  if  successful 
this  will  be  a  significant  step  to  decrease  disorientation. 

Height  Warning  Devices 

However  almost  all  RN  incidents  are  caused  by  a  minor 
departure  from  the  planned  attitude  and  more 
importantly  power  setting,  which  set  up  an  unwanted 
rate  of  descent.  Here  the  helicopter  differs  significantly 
from  the  conventional  fixed  wing,  in  that  a  slight 
reduction  in  power  in  the  tatter  will  only  result  in  a 
gradual  departure  from  the  intended  flight  path,  whereas 
in  the  fomier  the  departure  will  be  immediate.  This 
departure  will  not  be  picked  up  by  a  peripheral  vision 
device,  as  there  is  no  significant  change  in  aircraft 
attitude. 

In  these  instances  height  warning  needs  to  be  given 
which  will  alert  the  crew  regardless  of  where  they  are 
devoting  their  visual  attention.  Such  devices  already 
exist  in  audio  (aural)  warnings,  which  are 
omni-directional  (that  is  independent  of  the  field  of 
vision).  They  also  have  the  advantage  of  being 
relatively  resistant  to  filtering  out  by  the  brain’s  input 
processing  pathways  under  high  workload  situations. 
Such  basic  devices  are  being  fitted  to  RN  helicopters, 
but  they  are  limited  in  effectiveness.  The  reasons  are; 

a.  They  are  only  initiated  at  a  preset 
height. 

b.  They  are  absolute  warnings  and  give  no 
rate  or  trend  infomiation. 

c.  Being  a  tone  only,  they  require  some 
interpretation. 

What  is  needed  therefore  is  a  device  which  fulfils  all 
these  requirements.  Such  a  project  is  underway  at 
present.  However  to  be  effective  great  care  is  required 
in  its  design  to  ensure  that  unwanted  and  intrusive 
warnings  do  not  result,  and  that  warnings  based  on  rates 
of  change  of  height  over  time  are  correct  for  that 
particular  phase  of  flight,  as  the  requirements  differ. 

For  example  the  accident  to  Sea  King  XZ916  occurred 
on  climb-out  from  a  ship  on  a  "no  horizon"  night  sortie 
when  the  crew  were  distracted  by  a  minor  problem  and 
flew  into  the  sea.  In  this  instance  early  warning  of  any 
rate  of  descent  is  required. 

Whereas  in  the  incident  quoted  earlier  in  the  paper  the 
warning  should  be  activated  dependent  on  the  height 
and  rate  of  descent. 

The  outcome  of  trials  will  be  reported  separately. 
Ditchina  -  Underwater  Egress 

The  measures  briclly  outlined  should  do  much  from  a 
preventative  viewpoint  to  reduce  ditchings  which  are 


avoidable,  or  to  date  unavoidable.  However  there  will 
always  be  instances  where  ditchings  will  still  occur,  and 
still  occur  in  conditions  where  the  helicopter  will  invert 
once  on  the  surface  of  the  water.  A  major  factor  in 
crew  survivability  in  these  eminently  survivable 
incidents  is  the  ability  to  egress  successfully  from  the 
inverted  aircraft.  As  can  be  seen  from  Reader’s  (4)  and 
others’  surveys  straightforward  egress  cannot  always  be 
guaranteed.  Factors  influencing  this  are: 

a.  Difficulty  in  detaching  the  emergency 
escape  windows. 

b.  Disorientation,  for  example  from  a 
deliberate  though  unwise  early  harness 
release. 

c.  Trapping  or  snagging  from  interaction 
with  part  of  the  airframe. 

d.  Overcoming  the  "gasp"  reflex  caused 
by  submersion  in  cold  water  (10.  11, 
12). 

Emergency  Underwater  Breathing  Device 

The  provision  of  a  short  temi  emergency  underwater 
breathing  device  would  allow  the  aircrew  more  time  to 
overcome  these  problems  which  may  occur  singly  or 
together,  and  such  a  system  has  been  introduced  by  the 
US  and  Canadian  Navies.  A  device  similar  to  tlie 
USN’s  is  about  to  enter  service  with  the  Royal  Navy 
(13). 

This  is  called  STASS  -  the  short  term  air  supply  system. 


Fig  2 


Fig  3 


Because  of  the  potential  difficulties  of  use  in  untrained 
personnel  a  carefully  controlled  training  programme  is 
being  implemented,  including  a  shallow  water  training 
device. 

Significantly,  although  the  risk  is  very  small,  the  air 
supply  is  from  a  pressurised  source,  and  therefore  there 
is  potential  for  a  cerebral  arterial  gas  embolism  in 
susceptible  subjects,  if  the  subject  breath-holds  during 
the  short  ascent.  Identification  of  this  susceptibility  is 
difficult  in  practice  without  disbarring  the  subject  from 
training.  To  overcome  this  admittedly  largely 
theoretical  impasse,  a  recompression  chamber  has  been 
installed  with  clearly  defined  parameters  for  therapy,  not 
least  to  avoid  unnecessary  hyperbaric  exposure  and 
possibly  tympanic  perforations  in  aircrew. 
Simplification  of  some  aspects  of  the  training 
programme  is  being  considered,  as  the  main  objective  is 
to  familiarise  the  user  with  purging  water  from  the 
system,  and  breathing  from  a  pressurised  source  whilst 
not  wearing  a  nose  clip. 

Other  Egress  Aids 

Other  egress  aids  currently  under  trial  must  be  btiefly 
mentioned  for  completeness.  Tactile  and  visual  aids  are 
being  introduced  to  offset  difficulty  in  reaching  an 
emergency  egress  point.  These  include: 

Tactile  -  a  shaped  guide  bar 

Visual  -  an  orientating  pulsed  light  bar 
with  the  pulses  directed 


towards  the  nearest  egress  point 
increased  luminance  at  the 
egress  points 

These  aids  are  discussed  in  more  detail  elsewhere  (14, 
15). 

Conclusions 

Helicopter  ditchings  will  never  be  eliminated 
completely. 

Modifications  to  the  Sea  King  main  rotor  gearbox  and 
provision  of  an  emergency  oil  supply  should  reduce 
ditchings  from  mechanical  failure.  A  peripheral  vision 
aid  and  a  logic  voice  warning  for  attitude  and  height 
information  cues  should  reduce  ditchings  resulting  from 
disorientation  and  overall  ditching  fatalities,  and 
two  projects  have  been  discussed.  Finally,  an 
underwater  emergency  short  temi  air  supply  system  for 
the  crew  is  being  introduced  which  will  allow  more  time 
in  the  event  of  difficuily  in  egress  from  an  inverted 
water-filled  helicopter. 
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Canadian  Forces  Helicopter  Ditchings 
1952-1990 

Captain  (Navy)  C.J.  Brooks 
Defence  &  Civil  Institute  of  Environmental  Medicine 
1133  Sheppard  Avenue  West,  North  York,  Ontario,  Canada 


Introduction 

In  1982,  Brooks  and  Rowe  completed  a  20 
year  retrospective  review  of  the  survival  of 
all  Canadian  Military  aircrew  from  ditching, 
parachuting  or  ejecting  into  both  fresh  and 
sea  water,  including  the  penetration  of  ice  on 
frozen  rivers  and  lakes.  (14).  For  the  purpose 
of  that  study,  all  of  these  mishaps  were 
classified  as  water  accidents.  The  authors 
originally  had  intended  to  examine  all  water 
accidents  back  to  1952,  but  due  to  integration 
of  the  services  and  the  coincidental 
amalgamation  of  the  RCAF  Institute  of 
Aviation  Medicine  and  the  Defence  and  Civil 
Institute  of  Environmental  Medicine,  data 
prior  to  1962  appeared  to  have  been  lost  or 
destroyed. 

Six  years  later  in  1986,  additional 
information  was  located  in  the  old  RCAF  card 
index  from  the  Directorate  of  Flight  Safety,. 
National  Defence  Headquarters.  Using  that 
additional  data,  Brooks  completed  a  review 
of  all  types  of  aircraft  accidents  occurring  in 
both  sea  water  (10)  and  fresh  water  (11)  for 
the  RCAF  from  1952  to  1968  and  for  the 
Canadian  Forces  (after  integration  of  the 
three  Canadian  Services)  from  1968  to  1987;  a 
total  period  of  36  years.  Moreover,  it  was 
concluded  that  the  RCN  records  had  been  lost 
forever. 

Since  1987,  there  have  been  just  two 
further  accidents  involving  helicopter 
ditchings,  one  in  fresh  water  and  one  into  sea 
water.  This  paper  will  summarise  the 
Canadian  Military  experience  with  ditching 
helicopters  into  water  over  the  last  38  years. 

General  Findings 

Over  the  period  from  1952  to  1990,  there 
have  been  17  helicopter  accidents  in  water. 
Ten  accidents  occurred  in  sea  water  (all  these 
have  been  Sea  King  helicopters  and  7  of  the 
accidents  have  occurred  in  fresh  water  (4 
Kiowas,  1  Sea  King,  1-H34-A  Sikorsky,  1  UH- 
1  and  1 12-E  Hiller)).  There  has  been  a  total  of 
63  personnel  involved  with  15  fatalities,  for 
an  overall  survival  rate  of  76%.  The  accidents 
are  listed  by  helicopter  type  in  Table  1  -  sea 
water  and  Table  2  -  fresh  water. 


Accident  Site.s 

Crashes  and  planned  ditching  at  sea  have 
occurred  wherever  the  Canadian  destroyers 
have  been  operating  i.e.,  off  the  coasts  of 
Nova  Scotia,  New  York  City,  Bermuda,  the 
Dominican  Republic  and  the  Netherlands. 

All  of  the  fresh  water  accidents  occurred 
in  Canadian  lakes  and  rivers:  Dartmouth, 
Nova  Scotia;  Lake  Manitoba,  Manitoba;  the 
Muskrat  River  and  Severn  River  in  Ontario; 
Findlay  Lake  in  Quebec;  Upper  Arrow  Lake, 
Nakusp,  British  Columbia;  and  the  Mala 
River  in  the  North  West  Territories.  There 
has  been  no  general  pattern  of  fatalities 
related  to  any  specific  geographic  location. 

Cause  of  Accident 

The  causes  of  the  accidents  fall  into  3 
principle  categories  -  mechanical,  disorien¬ 
tation/fly-in  and  human  error.  By  far,  the 
commonest  causes  (52%)  were  mechanical 
problems  (9  cases)  A  typical  example  is  Case 

A  Sea  King  Helicopter  was 
approaching  a  ship  just  prior  to 
passenger  transfer  in  the  North  Sea,  a 
banging  noise  was  heard  and  a  power 
loss  was  experienced.  The  pilot 
manoeuvred  the  helicopter  clear  of 
the  ship  and  ditched.  Following  the 
ditching,  the  helicopter  was  water- 
taxied  for  about  one  minute. 
Emergency  shut  down  procedures 
were  then  initiated  and  the  rotor 
brake  applied.  Flotation  bags  were 
activated  and  the  crew  picked  up  by 
the  ship’s  boat.  Two  sixth  stage 
stator  blades  had  failed  in  fatigue 
causing  internal  damage  and  a 
compressor  stall  followed  by  a  loss  of 
power  in  the  left  hand  engine. 

Disorientation/fly-in  and  pilot  error 
shared  the  second  commonest  cause  with  4 
cases  (23%)  each.  A  typical  example  of  an 
incident  combining  both  disorientation  and 
pilot  error  is  case  13. 


TABLE  1  HELICOPTER  ACCIDENTS  IN  SEA  WATER 


NO  OF  PERS 

FATAL  NON  FATAL 

ACCIDENT  SITE 

CAUSE 

' 

1-Dec 

1967 

2 

2 

N£  of  Bermuda 

Oisorientation/Fiy-tn 

2 

22-Feb 

1968 

0 

6 

W  of  Dominica 

West  Irxfies 

Mechanical  Problems 

3 

1 5-Jun 

1968 

0 

4 

Oft  New  York 

Engine  problems,  planned 
ditching  and  take-off 

4 

Sea  King 

015 

24-Jun 

1969 

0 

5 

Off  Bermuda 

Engine  problems  and 

Human  Factors 

5 

Sea  King 

420 

7-Nov 

1971 

3 

1 

Likely  disorientation/Fly-ln 

6 

Sea  King 

418 

24-Oct 

1973 

0 

4 

Mechanical  Problems 

7 

Sea  King 

423 

24-Jun 

1974 

0 

5 

Off  Holland 

North  Sea 

Engine  Problem 

8 

Sea  King 

439 

16-Oct 

1980 

0 

4 

45  m  E 

H^ifax.  N.S. 

9 

Sea  King 

409 

4-Nov 

1987 

0 

3 

10 

Sea  King 

41  1 

l9Sep 

1969 

0 

5 

260  m  NW 
Bermuda 

Main  gearbox  and  hydraulic 
leak.  Sank  in  2000  fathoms 
in  1  hr  30  mins. 

TABLE  2:  HELICOPTER  ACCIDENTS  IN  FRESH  WATER 


CASE 

NO 

AC 

TYPE 

DATE 

NO  OF 
FATAL 

PERS 

NON  FATAL 

ACCIDENT  SITE 

CAUSE 

1  1 

Sea  King 

425 

5-Jul 

1983 

0 

4 

1  2 

30-Nov 

1956 

6 

0 

HiHIHIB 

biiiliiBB 

13 

UH-12E 

Hiller 

1  7-Jun 
1965 

0 

E»t  2 

Muekrat  River 

Ont 

Wire  Strike 

1  4 

Kiowa 

244 

6-Jul 

1978 

0 

1 

uBb^^IH 

Lost  and  ran  out  of  fuel 

1  5 

Kiowa 

258 

1 3-Jun 
1968 

2 

0 

Findlay  Lake 

Que. 

16 

Kiowa 

215 

18-Aug 

1985 

0 

2 

Severn  River 

Ont 

Disorientation  over  water 

In  night  hover/fly-in 

1  7 

7-Jul 

1988 

2 

0 

Upper  Arrow  Lake 

Nakusp.  B.C.  50 
km  SE  Revelstoke 

Loss  of  depth  perception 

Low  flying  over  lake/fly-in 

The  pilot  of  a  Hitler  flew  down  the 
centre  of  the  Muskrat  River  at  a 
height  he  judged  to  be  between  30  and 
50  feet  above  the  water  at  70  knots. 
After  the  wire  strike  he  experienced 
vibration,  he  checked  the  control 
responses,  but  the  only  significant 
reaction  was  a  violent  increase  in 
vibration;  he  maintained  the  controls 
in  an  effort  to  maintain  level  flight 
without  success.  The  helicopter 
pitched  nose  down  in  a  slight  turn  to 


the  right  and  struck  the  water  some 
hundred  yards  beyond  the  wires.  It 
rolled  over  to  the  right  and  ended 
submerged  except  for  the  left  skid, 
and  almost  completely  inverted.  The 
pilot  had  been  flying  in  the  left  seat, 
with  both  doors  off  and  the  harness  in 
the  unlock  position.  He  was  conscious 
of  getting  a  mouthful  of  water, 
released  his  harness  and  got  out  of 
the  left  upper  side,  swam  to  a  nearby 
boat  where  he  was  helped  on  board. 
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TABLE  3:  GENERAL  SURVIVAL  INFORMATION 


CASE 

AC  TYPE 

WARNING 

(F)  FATAL  OR 

TIME  TO  RESCUE 

METHOD  OF  RESCUE 

NIGHT 

WATER  TEMP 

fO 

TIME 

(NR  NON-FATAL 

ACCIDENT 

CELSIUS 

SEA  WATER 


1 

Sea  Kinq 

Under  IS  sec 

— 

F/N  F 

45  min 

Boat 

Niqht 

21.1 

2 

Sea  Kinq 

Under  15  sec 

NF 

15-20  min 

Submarine 

25.9 

3 

Sea  Kinq 

Under  15  sec 

NF 

Water  take-off 

Water  take-off 

? 

4 

Sea  Kinq 

Under  15  Sec 

NF 

2  hr  45  min 

Boat 

? 

5 

Sea  Kinq 

Under  15  Sec 

F/N  F 

10  min 

Boat 

Niqht 

21.1 

6 

Sea  Kinq 

Under  IS  sec 

NF 

10-15  min 

Helicopter 

2.2 

7 

Sea  Kinq 

Under  15  sec 

NF 

5-6  min 

Boat 

13-15 

8 

Sea  Kinq 

Under  15  sec 

NF 

Water  take-off 

Water  take-off 

12.0 

9 

Sea  Kinq 

2-3  min 

NF 

20  min 

Helicopter 

11.0 

1  0 

Sea  Kinq 

Under  2  min 

NF 

4  hrs 

Boat 

28.0 

FRESH  \WATER 


1  1 

Sea  Kinq 

Under  IS  sec 

NF 

10  min 

Boat 

18.0 

1  2 

H-34A  Sikorsky 

Under  15  sec 

F 

7 

Niqht 

7 

1  3 

UH  12E  Hiller 

Urxfer  IS  sec 

NF 

10  min 

Swam  to  boat 

7 

14 

Kiowa 

Under  IS  sec 

NF 

?30  mm 

Waded  ashore 

7 

1  5 

Kiowa 

Under  1  min 

F 

7 

Niqht 

7 

16 

Kiowa 

UrKfer  15  sec 

NF 

5*10  min 

Swam/boat 

Nipht 

7 

17 

Kiowa 

Under  15  sec 

F 

A/C  bfoka  up  on  impact 

7 

In  -  flight  Preparation  Prior  to  the  Knowledge 
of  the  Accident 

Traditionally,  aircrew  and  passengers 
receive  little  or  no  warning  of  an  impending 
crash.  In  this  series  of  17  cases,  it  is  estimated 
that  for  14  (82%)  accidents,  the  crew  were 
aware  of  the  impending  accident  for  less  than 
15  seconds  before  it  occtirred.  The  details  are 
tabulated  in  Table  3  and  illustrated 
graphically  in  Table  4.  There  were  fatalities 
in  4  (23%)  accidents  in  this  group. 

In  the  three  remaining  accidents,there 
was  still  precious  little  warning  time,  up  to 
one  minute  in  the  fatal  Kiowa  accident  at 
Findlay  Lake,  Quebec  (Case  15);  up  to  two 
minutes  in  the  non-fatal  Sea  King  which 
suffered  sudden  and  substantial  hydraulic 
fluid  leak  'rom  the  tail  rotor  gearbox  (Case 
10);  and  no  more  than  three  minutes  in  the 
non-fatal  planned  ditching  of  the  Sea  King  in 
the  Atlantic  Ocean  following  an  emergency 
chiplight  alarm  (Case  9).  Case  11  is  a  typical 
example  of  the  short  warning  time: 


After  a  normal  start-up,  the  crew 
of  a  Sea  King  helicopter  took-off  for  a 
Water  Landing  Training  mission.  After 
some  initial  sequences  had  been 
demonstrated  including  a  single 
engine  take-off,  the  student  then 
carried  out  a  single  engine  landing  and 
attempted  a  single  engine  take-off  by 
himself.  The  take-off  had  to  be 
aborted  due  to  low  rotor  rpm  and 
when  rotor  rpm  recovered,  the 
instructor  directed  the  student  to 
continue  the  take-off.. 

During  this  second  attempt,  rotor 
rpm  again  dropped  before  an  abort 
could  be  executed,  the  aircraft  struck 
the  water  nose  down  at  approximately 
20-25  knots  ground  speed.  The 
aircraft  pitched  forward  severing  its 
tail  pylon,  and  came  to  rest  inverted 
in  20  feet  of  water,  (figure  1) 
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FIGURE  1 

A  typical  accident  where  the  helicopter  sinks  and  is  rapidly  inverted 


Table  5  illustrates  the  conditions  of 
helicopter  post-ditching  in  the  17  cases.  One 
helicopter  sank  rapidly  (Sea  King-Case  6),  3 
helicopters  rapidly  inverted  (Sea  King-Cases 
2  and  11  and  UH  12-E  Hiller  Case  13),  2 
helicopters  floated  (Sea  King-Case  7  and 
Kiowa-Case  14)  and  3  helicopters  sank  later 
(Sea  King  Cases-4,  9  and  10).  Of  the 
remaining  accidents,  there  were  six  fly-ins 
and  two  water  take-offs. 

Case  4  is  a  typical  example  of  what 
happens  to  a  helicopter  during  a  hover  at  40 
feet  when  a  mech’nical  problem  suddenly 
occurs. 

The  pilot  heard  a  high  pitched 
whine  from  one  engine.  The  port 
engine  failed  before  the  sonar  dome 
could  be  fully  recovered  and  the 
aircraft  settled  onto  the  water.  After 
one  minute,  the  pilot  attempted  a 
take-off  and  the  aircraft  rose  about 
10  feet  before  rotor  rpm  began  to 
decay  and  the  aircraft  settled  onto 
the  water  again.  Additional  water 
entered  through  the  sonar  well.  Two 
further  take-offs  were  unsuccessful. 
When  an  attempt  was  made  to  inflate 
the  flotation  bags,  the  starboard  bag 
did  not  inflate  fully  and  the  aircraft 
rolled  inverted.  The  crew  was  able  to 
evacuate  the  aircraft  and  were 
rescued. 

Night  Accidents 

There  have  been  five  accidents  (Table  3) 
that  occurred  in  darkness,  two  at  sea,  two 


into  fresh  water  lakes  and  one  into  a  river  as 
follows. 

(a)  Two  Sea  Kings  flew  straight  into  the  sea 
off  Bermuda.  In  Case  1,  all  four  crew  might 
have  been  able  to  escape  had  the  accident 
occurred  in  daylight.  They  were  likely 
disoriented  or  distracted,  as  only  the 
navigator  and  the  observer  survived.  In  Case 
5,  the  crew  became  disorientated  while 
carrying  out  a  night  ASW  exercise  off 
Bermuda.  Because  the  bodies  of  the  two 
pilots  and  the  observer  were  not  found,  it  is 
only  possible  to  speculate  what  happened 
from  the  vague  testimony  of  the  surviving 
navigator.  The  two  pilots,  likely  received 
fatal  injuries,  but  could  have  drowned  after 
impact.  The  observer  also  perished,  possibly 
through  injuries  but  maybe  through  drowning 
or  a  combination  of  both.  It  could  be 
postulated  that,  if  the  accident  had  occurred 
during  daylight  and  his  injuries  were  not  too 
severe,  he  might  have  been  able  to  escape 
from  the  aircraft  after  impact.  The  accident 
in  the  cabin  of  the  helicopter  was  survivable 
because  the  navigator  had  made  a 
remarkable  escape  from  approximately  20 
feet  submerged  in  21°C  sea  water,  perforating 
his  ear  drums  in  the  procedure.  Factors  that 
likely  contributed  to  his  survival  was  that  he 
had  received  Dunker  training  and  had  some 
diving  experience. 

b)  An  H-34A  Sikorsky  crew  (Case  12)  was  on 
a  mercy  flight  when  the  pilot  became 
disoriented  in  a  dense  snowstorm  and 
crashed  into  Lake  Winnipeg  near  Black  Island. 
All  six  occupants  were  killed. 

c)  The  pilots  of  a  Kiowa  helicopter,  (Case  15) 
lost  control  of  their  aircraft  because  of  a 


37-5 


Table  4 


Warning  time  in  17  cases 


n  <i5s 

El  <  Imin 

n  <  2min 
^  <  3min 


Case  No 

Conditions  of  tho  helicopter  post-ditching 

1 

Sea  King 

Fly-in 

2 

Sea  King 

Roiled  inverted 

3 

Sea  King 

Water  Take-off 

4 

Sea  King 

Sank  later 

s 

Sea  King 

Fly-in 

6 

Sea  King 

Sank  immediately 

7 

Sea  King 

Floated 

8 

Sea  King 

Water  take-off 

9 

Sea  King 

Sank  later  (1  hr  20  min.) 

10 

Sea  King 

Sank  later  (Ihr  30  min.) 

1  1 

Sea  King 

Rapidly  inverted 

12 

H-34A  Sikoreky 

Fly-in 

13 

UH  12E  Hiller 

Rapidly  inverted 

T4 

Kiowa 

Floated 

1  5 

Kiowa 

Fly-In 

16 

Kiowa 

Fly-in 

1  7 

Kiowa 

Fly-in 

mechanical  failure  and  plunged  into  Findlay 
Lake,  Quebec.  Both  were  killed  instantly. 

d)  The  pilots  in  another  Kiowa  (Case  16) 
attempted  to  conduct  a  night  hover  over 
water  and  became  disorientated  crashing  into 
the  Severn  River  in  Ontario.  Both  crew 
survived,  but  had  difficulty  making  an 
underwater  escape. 

V\^ter  Temperatures 

Water  temperatures  are  listed  in  Table  3: 
They  have  been  reported  in  nine  cases  only. 
Eight  of  them  were  from  sea  water 
immersion  by  Sea  King  crew.  The  ninth  was 
also  a  Sea  King  that  ditched  in  a  lake  during  a 
practice  dipping  exercise.  The  temperatures 


ranged  from  0-5°C  (1  case)  10-15°C,  (3  cases), 
15-20°C  (1  case)  and  20C°+  (4  cases). 

Water  temperatures  were  not  recorded  in  the 
remainder  of  the  accidents. 

Method  of  Rescue 

There  has  been  a  wide  variety  of  rescues; 
eight  cases  by  boat  ,  two  by  helicopter,  one 
rescue  by  a  submarine  and  one  case  where  a 
survivor  waded  ashore.  In  5  cases,  there 
were  no  survivors  or  there  was  no  need  to 
rescue  anyone;  i.e.,  the  three  fatal  cases 
where  the  helicopter  hit  the  water  and  broke 
up  (Cases  12,15  and  17)  and  two  cases  where 
the  helicopter  was  able  to  take  off  from  the 
water  and  therefore,  no  rescue  was  required. 
(Cases  3  and  8). 
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Immersion  Suits 

Immersion  suits  were  worn  in  only  four 
of  the  accidents  by  a  total  of  15  personnel.  All 
of  these  were  Sea  King  accidents  into  the 
open  ocean.  The  individual  performance  of 
each  suits  is  illustrated  as  a  bar  chart  in  Table 
6.  There  were  no  immersion  suits  worn  by 
any  of  the  aircrew  in  accidents  in  fresh  water. 
This  is  probably  due  to  the  fact  that  helicopter 
aircrew  flying  over  land  did  not  expect  to 
crash  into  water. 

In  Case  6,  30  miles  southeast  of  Halifax 
in  2.2°C  water  where  rescue  took  10-15 
minutes,  all  four  of  the  suits  leaked  badly  and 
it  was  questioned  by  the  Board  of  Inquiry  if 
they  were  ot  much  benefit. 

The  suits  were  also  worn  in  the  Sea  King 
accident  (Case  7)  off  the  Dutch  Coast  in  13- 
15°C  water,  where  the  crew  were  rescued  in 
5-6  minutes  following  the  mishap.  Four  crew 
were  wearing  the  suits  which  were  leak  tight 
and  working  according  to  specifications. 
However,  one  passenger  did  not  have  a  suit 
and  if  the  rescue  time  had  been  greater  than 
six  hours,  this  unprotected  passenger's  life 
would  have  been  threatened. 

They  were  worn  by  all  four  aircrew  in  the 
planned  ditching  into  the  Atlantic  Ocean  45 
miles  east  of  Halifax  (Case  8).  With 
subsequent  water  take-off,  they  were  not 
immersed  in  water  and  therefore  not  used. 
Lastly,  they  were  used  by  the  three  crew  in  the 
planned  ditching  of  the  helicopter  into  the 
Atlantic  Ocean  20  miles  south  of  Halifax  in 
11°C  water  (Case  9).  In  this  case,  two  of  them 
were  leak  tight  and  one  had  a  small/medium 
leak. 

There  were  no  fresh  water  accidents  in 
which  the  wearing  of  an  immersion  suit 
would  have  made  any  difference  to  survival. 
In  Cases,  11,13,14,15,16  and  17,  the  accidents 
occurred  in  the  summer  when  the  water  was 
generally  much  warmer  and  in  Cases  12,15 
and  17,  the  accidents  were  unsurvivable  due 
to  the  force  of  impact  of  the  helicopters  into 
the  water. 

Life  lackets 

Life  jackets  were  worn  in  12  accidents 
only.  They  were  worn  in  all  11  Sea  King 
accidents;  one  was  a  mishap  in  fresh  water, 
the  remainder  were  in  the  open  ocean.  A  life 
jacket  was  also  worn  by  the  pilot  of  the  Kiowa 


that  ran  out  of  fuel  and  ditched  in  the  Mala 
River  (Case  14).  It  was  found  particularly 
useful  for  the  rescuers  who  spotted  it's  yellow 
collar.  A  life  jacket  does  not  appear  to  have 
been  worn  in  any  of  the  other  fresh  water 
accidents.  The  reasons  for  this  are  the  same 
as  those  given  for  immersion  suits  -  the 
aircrew  did  not  expect  to  crash  into  water 
when  flying  over  land. 

In  only  one  of  these  accidents  was  it 
reported  that  there  was  a  problem.  In  Case  7, 
the  CO2  cylinder  did  not  work  when  the 
toggle  was  pulled  by  the  crewman. 
Reviewing  the  remainder  of  the  cases  where 
there  were  fatalities  (Cases  1  and  5)  is 
difficult.  Because  there  is  not  enough 
evidence  in  the  Boards  of  Inquiry,  it  would  be 
pure  speculation  to  suggest  that  malfunction 
of  a  life  jacket  contributed  to  loss  of  life. 

Life  Rafts 

The  helicopters  have  carried  either  the 
single-man  or  the  multi-place  life  rafts.  They 
were  available  in  all  eleven  Sea  King 
accidents,  ten  of  which  occurred  in  sea  water 
and  the  eleventh  into  fresh  water  (Table  7). 
Whether  or  not  any  of  the  remaining 
helicopters  that  ditched  into  fresh  water  were 
configured  with  life  rafts  is  unknown  because 
there  were  no  comments  made  in  the  Boards 
of  Inquiry.  In  four  of  the  Sea  King  ditchings, 
neither  type  were  deployed,  they  were  not 
used  in  the  two  water  take-offs  (Cases  3  and 
8),  nor  in  a  fly-in  in  which  everything  was  lost 
(Case  5)  and  during  the  waterskid  exercise 
when  the  helicopter  rapidly  inverted. (Case 
11).  In  this  latter  case,  there  was  a  Zodiac 
standing  by  for  the  exercise.  In  the  remaining 
accidents,  there  were  some  accidents  where 
only  the  single  man  life  raft  was  launched  and 
some  cases  where  both  single  and  multi-place 
were  launched  as  follows: 

Case  1  -  Two  singles  were  inflated  by  the  2 
survivors.  The  other  2  aircrew  died  in  the  fly- 
in.  The  multi-placed  raft  was  presumed  lost 
in  the  accident. 

Case  2  -  Five  singles  were  inflated  while  the 
sixth  one  failed.  The  helicopter  rolled  over  on 
the  multi-place  life  raft. 

Case  4  -  Two  singles  and  the  multi-place  raft 
were  inflated. 

Case  6  -  Three  singles  were  inflated. 
Through  personal  choice,  the  observer  did  not 
inflate  his  because  he  went  back  aft  to  deploy 
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the  multi-place  life  raft.  When  he  found  it 
impossible  to  release  it,  he  made  an 
emergency  exit  through  the  cargo  door 
without  his  single-place  life  raft.  He 
remained  in  the  water  close  by  the  life  rafts 
until  rescue  10-15  minutes  later. 

Case  7  -  Although  difficult  to  deployonly  the 
6-man  life  raft  wcs  inflated.  The  paddles 
were  found  to  be  missing. 

Case  9  and  10  -  Only  the  multi-place  life  rafts 
were  inflated.  In  Case  9,  the  crew 
deliberately  left  their  sirgle-place  rafts  behind 
and  just  used  the  six  man  raft.  The  reason 
given  was  that  the  rescue  helicopter  was 
virtually  alongside  waiting  to  hoist  them  up 
soon  after  the  accident. 

The  longest  time  spent  in  a  raft  was  4 
hours  and  several  crew  became  sick.  In  this 
case,  anti-motion  sickness  tablets  were 
labelled  with  a  generic  chemical  name  (which 
incidentally  washed  off  after  the  bottle  got 
wet).  The  aircrew  were  unsure  whether  the 
tablets  were  to  be  used  for  sea  sickness!  There 
was  only  one  other  accident  v/here  motion 
sickness  was  reported. 

Water  Survival  Training 

There  were  five  accidents  in  which  there 
were  very  positive  comments  by  survivors 
which  illustrate  the  necessity  and  usefulness 
of  water  survival  training:  "wet  dinghy  drill 
extremely  useful",  "ten  years  of  sea  survival 
training  paid  off",  "sea  survival  training 
made  ejection  and  water  survival  easier", 
"good  briefings  on  survival  and  escape  drills 
helped",  and  "Dilbert  Dunker  and  wet  dinghy 
drills  excellent  in  alleviating  anxiety  and 
stress  of  survival”.  The  benefit  of  diving 
experience  has  also  been  well  demonstrated 
by  a  Sea  King  navigator,  who  was  able  to 
make  a  conscious  underwater  escape  from  a 
severely  damaged  cabin,  whereas  three  other 
crew  members  perished  (Case  5). 

Discussion 

From  1952-1990,  there  has  been  an 
overall  survival  rate  of  76%.  These  figures 
compare  well  with  the  U  S.  Navv  and  British 
experience.  The  U.S.  Navy  (12,13,15,16,20) 
reported  an  overall  cumulative  rate  from 
1982  to  1986  of  74%  during  day  time  and  65% 
during  night  time  flying.  From  1972  to  1988, 
the  British  Military  ^rvices  (7, 18, 25, 26) 


reported  94  accidents  involving  342  personnel 
for  a  survival  rate  of  84%-.  Our  rates  are 
slightly  better  than  the  civilian  experiences. 
Ferguson  (12,13)  reported  on  a  large  series  of 
28  civilian  helicopter  accidents  in  the  North 
Sea.  There  were  344  personnel  involved  with 
130  fatalities  for  a  survival  rate  of  62%. 

Mechanical  problems  have  caused  fifty 
two  percent  of  the  accidents.  These  figures 
agree  with  the  British  military  figures  (94 
accidents)  where  46  accidents  were  caused  by 
mechanical  failure,  these  were  made  up  of 
engine  failure  (31  cases),  transmission  failure 
(8  cases)  and  tail  rotor  failure  (7  cases).  This 
also  agrees  with  the  observations  made  by  the 
British  Airworthiness  Board  in  1984  (19). 
They  concluded  that  the  percentage  of 
accidents  that  are  due  to  airworthiness  causes 
is  greater  for  helicopters  than  for  fixed  wing. 

When  helicopters  ditch  in  water,  the 
event  is  sudden  and  there  is  precious  little 
time  to  prepare  for  the  catastrophe.  This 
study  confirms  that  in  over  eighty  percent  of 
cases,  the  aircrew  had  less  than  15  seconds 
warning.  The  only  other  direct  reference  to 
warning  times  in  the  literature  is  by  Anton(6). 
He  reviewed  seven  U.K.  registered  helicopter 
accidents  in  the  North  Sea:  There  was  less 
than  one  minutes  warning  time  in  two  of 
them  and  less  than  five  minutes  in  two  of  the 
others. 

The  short  warning  time  is  why  the 
importance  of  a  good  pre-flight  nriefing  is 
paramount.  U  prepares  the  occupants  for  the 
sudden  immersion  event  and  should  include  a 
short  description  of  personal  and  aircraft 
safety  equipment  and  it's  use.  Examples 
include  the  requirement  for  the  immersion 
suit  to  be  done  up  before  ditching,  so  that  it 
will  be  waterproof;  the  technique  to  activate 
the  life  preserver;  the  method  of  deploying 
the  life  raft;,  and  the  operation  of  the 
headset/helmet.  The  problems  of 
underwater  escape  should  be  described, 
especially  to  the  passengers  who  have  not 
had  a  survival  course.  In  particular  the  fact 
that  water  will  rush  in  very  rapidly,  it  will  be 
cold  and  dark  and  that  disorientation  will 
occur.  Survival  techniques  should  be 
explained,  such  as  adopting  a  good  crash 
position  and  not  undoi^  the  harness  until  all 
motion  has  stopped.  Emergency  exits  and 
methods  for  normal  and  emergency  egress 
should  be  discussed  to  give  some  indication 
of  how  much  force  is  required  to  operate 
emergency  release  handles,  pushout  windows 
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open  emergency  doors. 

Helicopters  do  not  float  well.  Only  13% 
floated,  26%  sank  or  rapidly  inverted  and  20% 
sank  later.  The  results  from  this  smaller 
series  are  a  little  better  than  the  experiences 
of  (.  ther  operators  .  Reader  (18)  reported  on 
94  ditchings  in  the  British  military  “^eries;  50% 
of  the  helicopters  immediately  inverted  and 
27%  invertea  after  a  delay.  Ferguson's  (12,13) 
series  of  28  civilian  helicopters  operating  in 
the  North  Sea,  only  14  helicopters  (50%) 
floated,  of  which  two  barely  floated,  one 
floated  inverted,  one  capsized  "quickly",  one 
capsized  after  an  hour,  two  sank  "eventually" 
(after  some  hours),  and  two  sank  during 
salvage  operations.  In  the  other  14  accidents, 
ten  helicopters  (37%)  sank  rapidly,  one  sank 
inverted  and  three  sank  with  the  fuselage 
broken  int-i  pieces.  In  two  cases,  the 
helicopter  broke  up  in  midair  before  hitting 
the  sea  and  sinking.  In  two  cases  the 
condition  of  the  helicopter  at  the  time  of 
impact  with  the  sea  could  not  be  established. 

Difficulty  with  d^'ployment  of  the  multi- 
placed  life  raft,  has  been  reported  by  Anton  (6) 
and  Reader  (18).  Tins  difficulty  was 
confirmed  in  this  series  too.  There  was  one 
case  where  it  could  not  be  launched,  one  case 
where  the  helicopter  rolled  ovm  on  top  of  it 
and  another  case  where  it  was  only  launched 
after  a  lot  of  difficulty.  Bohemier  (9)  has 
recently  conducted  a  study  using  27  naive 
subjects  in  the  Survival  Systems  helicopter 
underwater  escape  trainer  configured  to  the 
tail  section  of  the  Sikorski  S-61  (figure  2)  to 
investigate  the  ability  to  deploy  a  multi-place 


Figure  2 

A  typical  helicopter  underwater  escape 
trainer  (HUET)  courtesy  Mr.  Bohemier, 
Survival  Systems,  Dartmouth,  Nova  Scotia. 


life  raft  in  a  rapidly  sinking  helicopter.  I-i3 
concluded  that  even  with  g  od  regular 
training  and  refresher  training,  tue  possibility 
of  success  is  between  50  and  74%  The  solution 
to  the  problem  is  to  mount  the  life  rafts 
external  to  the  fuselage  as  in  the  Bell  214. 

The  old  MK  II  Buaer  life  jacket  was 
introduced  into  the  U.S.  Navy  in  1946  (2  )  and 
is  still  being  used  by  the  Canadian  Sea  King 
aircrew.  It  is  now  outdated  and  soon  will  be 
replaced  by  the  new  Mustang  life  jacket. 

The  performance  of  the  immersion  suit 
has  been  disappointing.  Considering  the 
thousands  of  hours  that  the  aircrew  have  put 
up  with  the  discomfort  of  the  immersion  suit, 
only  to  find  that  it  worked  satisfactorily  in  six 
personnel,  and  was  of  very  marginal  benefits 
in  five  personnel  reveals  that  it  is  time  to 
review  the  philosophy  of  immersion 
protection  for  Canadian  military  helicopter 
aircrew. 

It  was  also  observed  that  the  survival 
rate  was  improved  if  the  aircrew  had 
experienced  training  in  a  helicopter 
underwater  escape  trainer  or  had  been  (for 
instance)  a  ship  or  sports  diver.  As  a  result,  ail 
aircrew  in  the  Canadian  Forces  must  now 
undergo  formal  practical  underwatci  escape 
training  and  this  new  programme  is  working 
well,  although  there  have  been  no  ...ccidents 
to  evaluate  its  effect  since  its  instigation. 

The  other  two  problems  for  making  a 
successful  ui.derwater  escape  are  an  ability  to 
breath-hold  in  cold  water  and  the  ability  to 
overcome  disorientation/poor  vision.  This 
is  vividly  described  by  Gill  (9  )  after  his  first 
escape  from  an  underwater  trainer. 

"DITCHING" 

As  the  HUET  drops,  I  can  see  the 
water  su.je  upwards  through  the  deck 
and  I  take  a  deep  breath.  Two  things 
immediately  happen  as  the  turbulence 
engulfs  me:  a  nose  full  of  water  and  a 
loss  of  any  visible  reference  points. 

As  the  fuselage  inverts  /  find 
myself  upside  down.  Sitting  upright  is 
a  contradiction.  They  should  have  told 
me  to  sit  downright,  rc  force  my  body 
against  the  buoyancy  that  is  pulling 
me  to  the  floor  of  the  HUET. 
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Nothing  makes  sense  anymore, 
except  the  urge  to  exhale  and  breathe. 
Stabs  of  light  are  coming  from  all 
different  directions.  Nothing  is  where 
it  should  be.  I  don’t  know  how  much 
longer  I  can  hold  my  breath.  I  don't 
think  I  can  get  out.  I  can't  see  the  exit. 

Finally,  I  get  my  seat  belt  released 
and  immediately  I  begin  to  float.  If 
only  I  could  get  upright  things  might 
improve. 

As  I  fioat  upwards,  my  legs 
flailing,  I  realise  I  am  getting  tangled 
in  the  seats  (which  for  some  strange 
reason  are  now  located  on  the  ceiling 
of  the  cabin).  I  claw  my  way 
downwards,  against  the  buoyancy,  to 
find  an  exit.  Any  exit. 

The  aisle.  If  I  can  make  the  aisle  I 
can  forget  the  right  exit  and  get  out 
through  the  big  opening  in  the  rear  of 
the  HUET.  The  aisle  is  not  there, 
neither  is  the  exit. 

Wait... what's  that  patch  of  light? 

The  first  problem  is  not  new  and  was 
originally  addressed  in  1945  (1  )  by  providing 
aircrew  with  an  A-13  mask,  A-14  oxygen 
regulator  and  USN  walk-around  assembly. 
In  the  last  15  years,  various  compressed  air 
supplies  have  been  examined 
(12,13,17,21,22,23)  and  are  now  in  service 
with  the  U.S.  Navy,,  the  Italian  Navy  and  the 
Canadian  Sea  King  Squadrons  The  U.S. 
Coast  Guard  developed  a  unique  life  jacket 
that  contains  its  own  supply  of  oxygen  which 
is  also  in  service.  The  U.S.  Navy  HEEDS 
system  has  already  proved  its  worth,  yet  all  of 
these  systems  are  an  interim  solution  and 
work  continues  to  find  improvements. 

The  visibility  problem  has  been  admirably 
investigated  by  Allan  (3,4,5).  The  addition  of 
a  simple  illuminated  bar  that  strobes  quicker 
as  the  survivor  approaches  the  escape  hatch 
is  an  excellent  simple  solution,  but  to  date  has 
not  been  implemented  in  any  Canadian 
helicopter  and  may  not  be  implemented  in  the 
new  EH  101  which  is  proposed  as  a 
replacement  for  the  aging  Sea  King  fleet. 


Conclusions 

From  1952-1990,  a  period  of  38  years 
there  have  been  17  helicopter  accidents.  Ten 
of  these  have  been  in  sea  water,  7  in  fresh 
water. 

There  has  been  no  apparent  correlation 
between  geographic  location  and  either 
incidence  of  accidents  or  number  of  fatalities. 

The  Sea  King  helicopter  showed  the 
highest  incidence  of  water  ditching  with  11 
cases  (66%),  10  in  sea  water,  1  in  fresh  water. 

The  Kiowas  show  the  next  highest 
incidence  of  a  water  ditching  with  4  cases 
(24%). 

The  overall  survival  rate  was  76%  which 
is  similar  to  that  experienced  by  other 
operators  of  military  and  civilian  helicopters. 

Mechanical  problems  caused  over  fifty 
percent  of  the  accidents,  followed  by 
disorientation  and  pilot  error,  each  of  which 
caused  23%  of  the  remainder  of  the  accidents. 

There  have  been  5  accidents  at  night  and 
in  two  cases  darkness  contributed  to  the 
fatalities. 

The  warning  time  in  all  cases  has  been 
less  than  three  minutes  and  in  14  cases  (82%) 
under  15  seconds. 

The  helicopter  floats  poorly  in  water  and 
like  other  operators,  the  experience  of  the 
Canadian  Forces  has  been  very  similar,  only 
13%  floated,  while  26%  sank  or  rapidly 
inverted  and  20%  sank  later. 

Also  like  other  operators,  in  a  rapidly 
sinking  helicopter,  there  has  been  serious 
difficulty  experienced  in  deploying  the  multi- 
placed  life  raft. 

Considering  that  primary  life  support 
equipment,  such  as  life  jackets  and  life  rafts 
should  work  perfectly,  there  have  been  a 
number  of  failures. 

Rescue  in  helicopter  ditchings  in  water 
has  been  very  quick,  the  longest  time  spent  in 
a  life  raft  was  4  hours. 

Survival  training,  underwater  escape 
training  and  experience  as  a  diver  all 
contributed  to  survival. 
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The  immersion  suits,  an  unpopular 
garment  with  aircrew  has  not  performed  well 
and  the  whole  philosophy  of  immersion 
protection  requires  review. 
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ABSTRACT 

Helicopter  ditching  in  the  French  Navy  in  years  1980-1991.  By  P.  Giry,  P.  Courcoux  & 
J.P.  Taillemite. 


During  the  years  1980-1991,  11  French  Navy  helicopters  ditched  in  the  sea  :  3  Super- 
Frelon,  3  LYNX-WG13  3  Alouette  III  and  2  Alouette  II,  10  of  them  being  equipped  >/ith 
flottability  devices.  Structure  default  was  the  identified  cause  of  the  accident  in  2 
cases,  engine  failure  in  5  accidents,  human  error  in  5  issues,  the  last  one  being 
unknown.  Three  accidents  occured  at  night,  the  8  others  during  day-time.  54  persons 
(34  crew,  20  passengers)  have  been  involved.  The  outcome  has  been  :  19  dead  or 

disappeared,  4  wounded  and  31  uninjured. 

The  aircraft  capzised  in  8  out  of  11  occurences,  almost  immediately  after  ditching  in 
6  cases,  after  a  delay  long  enough  for  all  the  crew  to  escape  in  2  cases.  In  one  of 
these  last  occurences,  all  the  crew  but  1  survivor  (13  people)  died  (probably  from 
cold  exposure) .  In  the  other  one  (ditching  in  shallow  war.-a  waters,  close  to  shore)  n 
casualty  occured  (10  safe).  Escape  problems  .have  been  reported  in  2  accidents  ( 
people  involved) ,  leading  to  3  casualties  and  1  injured.  Localization  of  survivors  ha 
been  a  major  problem  in  1  accident  (visibility  was  so  poor  that  only  sound  signal 
could  be  efficient) . 

Data  are  analyzed  and  compared  to  available  information. 


ues  accidents  d ' h41 icopL^res  au  dessus  de 
1 ' eau  sont  relativement  frequents,  surtout 
depuis  le  d^veloppement  de  1 ' h^li transport 
vers  les  plate-formes  p6troli6rea  de  la 
Mer  du  Nord.  Dans  sa  revue  de  1991,  Brooks 
signals  1' absence  de  donndes  en  provenance 
de  la  Marine  Nationale.  Le  but  du  present 
travail  est  de  colliger  les  accidents 
rurvenuB  dans  1 ' Aeronaut ique  Navale 
'='rangaise  entre  le  ler  Janvier  1980  et  le 
31  AoQt  1991  pour  en  analyser  les  donn^es 
et  les  conf  renter  avec  cel  les  de  ..a 
1 itterature . 

Cette  etude  ne  rApertorie  pas  les  autres 
accidents  survenus  dans  la  Marine 
Nationale,  mais  dans  des  conditions 
differentes  (autres  types  d'aeronefn, 
accidents  sans  amerrissage,  etc...). 


.WALYSE  DES  ACCIJ7EHTS 

Jians  la  Marine  Nationale,  le  Conseil 
Permanent  de  la  Sdeurit^  Aerienne  de  la 
Marine  (CPSA,'MAR)  rdunit  I'ensemhjle  des 
informations  concernant  les  accidents 
d'a^ronefs.  Sur  notre  demande,  il  a 
c6pertori6  les  accidents  d' h61icoptfere 
survenus  au  dessus  de  1 ' eau  pendant  la 
pfiriode  s’dtendant  du  ler  Janvier  1980  au 
31  Aout  1991;  ils  ont  concern^  11  ap- 
pareils  et  54  personnes 


Pour  faciliter  la  cuuiprehensiun,  je 
tableau  I  donne  la  lisLe  des  accidents  fit 
leur  principales  caract^ristigues .  Dans  ia 
suite  de  cet  expose,  tues  (corps 
retrouves)  et  disparus  (corps  non 
retrouves)  seront  confondus 


C)  I/)  U)  (I) 


Tableau  I  :  accidents  d ' h^licoptbre  au  dessus  de  1 'eau  survenus  dans  la  Marine  Nationale 
(periode  du  ler  Janvier  1980  au  30  Aout  1991) 


Accident 

Appareil 

Personnels 

PN  Pax 

Tues 

Issue 

Blesses 

Indemne 

A 

SUPER- PRELON 

3 

1 

B 

SUPER-FRELON 

6 

8 

13 

1 

0 

C 

SUPER-FRELON 

4 

6 

10 

D 

LYNX-(tfG13 

3 

1 

4 

E 

LYNX-WG13 

3 

0 

3 

F 

LYNX-lii(G13 

2 

1 

1 

G 

ALOUETTE  III 

2 

2 

H 

ALOUETTE  III 

4 

1 

3 

I 

ALOUETTE  III 

2 

2 

4 

J 

ALOUETTE  II 

2 

1 

3 

K 

ALOUETTE  II 

2 

2 

4 

Total 

34 

“ZC 

19 

4 

31 

11  s'agit  d'appareils,  soit  congus  pour 
1 ' Aeronaut ique  Navale  f SUPER-FRELON,  LYNX- 
WG13)  soit  navalises  (ALOUETTE  II  et  III). 
A  1' exception  d ' une  des  Alouette  II,  tous 
ont  une  flottabilite  positive  assur^e  par 
construction  ( coque  du  SUPER-FRELON), 
adjonction  de  volumes  de  flottabilite 
(boudins  lateraux  gnnflables  sur  ALOUETTE 
II  et  III)  ou  de  retardateurs  d'immersicn 
(ballons  de  roues  sur  LYNX-WOIT). 

IHEOUENCE  (tableau  II) 

Tableau  II  :  repartition  de  la  frequence 
des  accidents 

Ann«e  HO  81  82  51  54  55  51  55  55  95  91“ 

Nonbre  3012C1110200 


La  frequence  moyenne  des  accidents  est  de 
1/an.  I  Is  concernent  en  moyenne  S 
personnes  par  an  (3  membres  d' Equipage  et 
2  nassagers )  , 


CAUSES  (tableau  III) 

Tableau  III  :  Causes  des  accidents 
riiper  tor  ies 


Cause 

Nombr’ 

Cas 

Technique |Avarie  de  structure 

2 

A+C 

1  Avarie  moteur 

5 

B+DtG* I »K 

Humaine  | 

3 

J  +  F  ♦H 

Inconnue  | 

1 

E 

Les  accidents  ayant  une  pour  origine  une 
c(4faillance  m^canique  sent  les  plus 
i r4quents  (04%).  Dans  ce  groupe,  les 
pannes  m^caniques  non  114es  A  la  structure 
sont  la  cause  la  plus  souvent  identifiAe 
(70%  des  avaries  mAcaniques).  Dans  les 
ceux  cas  ou  la  cause  de  1 '  accident  est  un 
d4faut  de  structure,  il  s'agit  d'un  ddfaut 
sur  une  pale  du  rotor  principal  d'un 
SUPER-FRELON. 

u'erreur  humaine  n'est  A  I'origine  que  de 
27%  des  amerrissages . 


TYPES  D'AERONEF  (tableau  IV) 

Tableau  IV  :  Repartition  par  type  d’appareil 
dijs  accidents  d ' helicoptAre  surven--  dans 
la  Marine  Nationale  entre  1980  et  1991 


Type  d'adronet 

Nombre  I 

d' accidents 

Nombre  de 

Equipage 

personnes 

Passagers 

— 5UPBR-FHEUW 

3  I 

14 

”  U 

t,YNX-WG13 

3 

8 

1 

ALOUETTE  111 

3  ! 

8 

2 

ALOUETTE  II 

2  \ 

4 

3 

- Total 

11  1 

34 

- 70 - 

La  repartition  des  accidents  par  type 
d'appareil  ne  permet  pas  de  mettre  en 
evidence  un  frequence  particuliAre  sur  un 
type  (3  SUPER-FRELON,  3  LYNX-WG13,  3 
ALOUETTE  III  et  2  ALOUETTE  II).  XI  ne  nous 
a  pas  ete  possible  de  rapporter  ces 
chiffres  au  nombre  d’aferonefs  en  servic:e 
ou  au  nombre  d'heures  de  vol  par  typie 
d' helicopters. 


(:owSEQUEMCE.s  (tableau  V) 

Tableau  V  :  Consequences  des  accidents 
au  plan  humain 


1  issue 

Equipage 

'Rassa'gers 

Total 

Nb 

Kb 

11 

■as 

Dlsparus 

1 

WBm 

13 

■9 

15 

Blessds  graves 

1 

MM 

2 

Blesses  lagers 

2 

2 

6 

Indemnes 

19 

B9 

■9 

22 

mM 

57 

Total 

34 

37 

-54- 

Ceci  represents  en  moyenne  par  an  :  1,7 

mort  ou  disparu,  0,36  blesse,  2,8 
indemnes.  La  proportion  globale  de 
survivants  est  de  65%. 

iJ^USBS  PES  OBCES 

Dur  les  18  cas  ou  la  cause  du  decAs  est 
identifiee  avec  certitude  ou  hautement 
probable  :  13  sent  dus  au  froid  par 

.Munersion  dans  de  I'eau  A  10°C  (B),  5  sont 
probablement  dus  A  la  "brutal ite"  de 
1  ’  impact  avec  la  surface  de  la  mer  (A  et 
i:);  il  est  impossible  d'affirmer  que  e'est 


;.e  choc  qui  a  ete  mortel  mais  ce  point  de 
vue  semble  le  plus  probable. 

CIRCQMSTAMCES 

Trois  accidents  ont  eu  lieu  de  nuit  (27%). 
four  I'un  d'entre  eux  (E),  il  n'y  a  eu 
tiucun  rescape.  Pour  les  2  autres  (C  &  F), 
il  n'y  a  pas  eu  de  victime.  II  n'est  pas 
possible  d' analyser  au  plan  statistique  la 
difference  jour/nuit. 

PUREE  DE  MAIMIIEH  SllR  L'EAU 

A  1' exception  des  3  accidents  impliquar.t 
des  Alouette  III  (27%  du  total),  tous  les 
apparel  Is  ont  sombrd  (73%). 

Aprfes  amerrissaqe,  I'appareil  coule 
Inug^diatement  dans  4  cas  (36%).  La  dur^e 
de  maintien  A  flot  est  "breve"  dans  2  cas 
(18%),  chiffree  A  environ  40  minutes  dans 
1  cas  (cas  B),  et  suf f Isamment  longue  pour 
permettre  un  ensemble  de  manoeuvres  de 
sauvetage,  tant  de  I'Aquipaqe  que  de 
I'appareil  dans  les  4  autres  cas  (36%). 

CCMTOITIOWS  DE  L' EVACUATION 

Dans  9/11  accidents,  quand  1 ' impact  ne  fut 
pas  trop  violent,  ou/et  quand  le 
tdmoignage  des  rescapAs  est  disponible, 
les  conditions  d' evacuation  ont  pu  etre 
analysees.  Elies  sont  rapportAes  au  nombie 
de  sujets  concernts  dans  le  tableau  VI. 

Tableau  VI  :  Conditions  de  I'Avacuation  de 
I'appareil  (Nombre  de  personnes  concernAes; 
*  Avacuations  hors  eau  ou  A  faible  immersion 
selon  les  personnes) 


Avant  imnersion 

_ 1 

Sous 

i. '  aau 

impossible 

- Ron - 

rapportA 

[  Nb 

1 

-RB- 

37 

69 

20 

6 

0 

I ,K* 

A,T,  J 

i 

1.' evacuation  a  pu  se  faire  avant  que 
I'appareil  ne  s'enfonce  pour  37  personnes 
(19  membres  d'Aquipage  et  18  passagers  , 
69%  des  personnes  transportAes ) .  Elle 
s' est  faite  sous  I'eau  pour  11  personnes 
(9  membres  d'Aquipage,  2  passagers  soit 
10%  des  personnes  transportAes).  Elle  a 
At A  consldArAe  comme  impossible  pour  3 
personnes  (tous  membres  d'Aquipage,  6%  des 
personnes  transportAes). 

Il  est  rapportA  des  difficultAs 
ct ' Avacuat ion  pour  7  personnes  au  cours  des 
accidents  A  et  F  (3  pilotes,  1  copilote  et 
3  passagers,  18%  des  personnes  AvacuAes ) . 

Dans  les  accidents  D  et  K,  la  situation  a 
AtA  mixte  le  temps  d ' enfoncement  a  AtA 
rapide;  une  partie  des  personnels  a  pu 
Avacuer  hors  eau,  alors  qiie  le  reste  de 
I'Aquipage  a  dO  Avacuer  aprAs  immersion 
partielle  de  I'appareil. 

LOCALISATIOH  DES  SUHVIVAMTS 

La  localisation  du  site  de  1' accident  a 
AtA  connue  dans  tous  les  cas.  Celle  des 
naufragAs  n'a  pas  posA  de  prohlAme  majeur 
dans  10  cas.  En  revanche,  pour  le  11  Arne 
(B),  bien  que  le  site  de  1 'accident  ait 
AtA  parf aitement  con-nu,  et  que  des  moyens 
de  repArage  tant  aAriens  que  de  .surface 
aient  AtA  proches ,  la  visibilitA  sur  t-one 
4tait  tenement  mauvaise  que  le  repArage 


des  survivant  a  posA  des  piublemes 
insurmontables . 

ACCIPanf-  PARTlCUIiIER 

Le  cas  B  mArite  une  description  et  un 
commentaire .  Un  SUPER-FRELON  transits 
en  hiver  entre  le  continent  et  la 
Corse.  A  son  bord  se  trouvent  3 
membres  d'Aquipage  et  un  groupe  de  11 
Commandos  Marine.  D' aprAs  les 

informations  recueillies,  aucun 
d'entre  eux  ne  '  porte  de  combinaison 
Atanche  (elle  n'Atait  pas  obligatoire 
pour  les  aeronefs  multi-moteurs  a 
cette  Apoque).  Traversant  un  grain  de 
neige,  (tcmpArature  de  I'air  iO‘'C),  2 

des  3  turbines  sont  Atouffees.  L'Aqui- 
page  pose  I'appareil  sur  I'eau  (creux 
de  2-3  metres,  TH20<10°C,  visibilite 
quasiment  nulle).  Celui-ci  reste  "A 
plat"  un  temps  suffisant  pour  que 
I'Avacuation  complAte  se  fasse  en  bon 
ordre  (durAe  avant  dispar ition 
c;omplAte  de  1' avion  >40  minutes), 
Avant  I'Avacuation  complete,  un  des 
jjassagers  extrait  de  I'appareil  un 
"colis  orange"  non  arrimA  qu'il  pense 
litre  le  matAriel  de  sauvetage;  ce 
dernier  coule  immAdiatement .  Tous  les 
occupants  se  retrouvent  U  I'exterieur, 
brasslAre  de  sauvetage  gonflAe. 
L’hAlicoptAre  "cabane"  alors  (mais 
reste  a  flot,  inversA),  et  il  n'est 
plus  possible  de  rentrer  a  I'intArieur 
pour  recupArer  le  matAriel  de  survie 
(et  en  particulier  le  radeau  de 
sauvetage).  Un  BREGUET  ALIZE  survole 
le  lieu  du  uauliage  environ  40  minutes 
aprAs  1' accident.  L' equipage  apergoit 
la  queue  de  I'appareil  et  2  naufragAs. 

Il  ne  volt  pas  les  autres  qui  sont 
rApartis  en  2  gruupes,  respectivement 
a  30  et  100  metres  de  I'Apave.  Plus 
tard,  un  BREGUET  ATLANTIC  survole  la 
zone,  et  ne  volt  ni  les  naufragAs,  ni 
les  fusAes  de  dAtresse  tirees  lors  de 
son  passage.  A  la  tombAe  de  la  nuit 
(e.nviron  5  heures  aprAs  1' accident), 
il  reste  2  survivants.  Les  lecherches 
sont  poursuivies  de  nuit  par  des 
batiments  de  surface.  L'un  des  nau¬ 
fragAs  voit  passer  A  proximitA  un 
remorqueur.  Il  crie  ;  le  bateau  le 
repeche.  Il  sera  le  seul  survivant 
(aprAs  environ  7  heures  d' immersion) . 

Les  rechcrches  sont  poursuivies  et 
retrouvent  7  corps  inertes. 

HlSCUSSlOfl 

Cette  sArie  est  limitAe.  Toutefois, 
1' analyse  statistique  a  AtA  tentAe. 

IMCIDEMCE  ET  CQHSEODEMCES  DES  ACCIDENTS 
Les  accidents  d ' hAlicoptAre  au  dessus  de 
I'eau  sont  peu  nombreux  dans  la  Marine 
Rationale  (1  par  an  en  moyenne). 

Dans  notre  statistique,  _  aucun  type 
d'appareil  n'a  plus  d'accid'ents  que  les 
autres.  Cependant,  il  faut  noter  que  le 
pare  de  LYNX-WG13  est  plus  important  que 
celui  des  autres  appareils,  et  que  leur 
principale  mission  Atant  la  lutte  anti- 
sovis-marine  (en  particulier  A  bord  des 
trAgates),  leur  activitA  leur  impose  de 
longs  sAjours  en  vol  stationnaire  au  des- 
suB  de  I'eau.  En  revanche,  les  SUPER- 
FRELON  sont  relativement  anciens,  et  leurs 
missions  comportent  de  longues  durAes  de 
survol  maritime  (liaisons,  missions  SAP, 
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etc...)"  II  eut  6t6  int^ressant  de 
rapporter  le  nombre  d' accidents  au  nombre 
d'heures  de  survol  maritime  par  type 
d'appareil.  Les  donndes  na  sent  pas 
disponibles  avec  une  precision  suffisante 
pour  permettre  un  calcul  valable. 

Nous  avons  compart  nos  statistiques  avec 
celles  disponibles  concernauit  1 'ensemble 
des  accidents  d ' h^licoptferes  militaires  en 
nous  basant  sur  les  donnSes  rapport^es  par 
Brooks  (tableau  VII). 


Tableau  VII  :  comparaisons  des  statistiques 
p>our  1' ensemble  des  appareils 


1 - RTfiue - 

1  Nationale 

Autres  Marines 

Morts 

_ 41 _ 

2T7 

Survivants 

1 

797" 

Mortality 

1  TE  1  7% 

24  ±  1% 

c-i  =  9,'i5  P  <  0,01 

la  proportion  de  survivants  est  plus 
faible  dans  la  Marine  Nationale  (65  ±  7%) 
que  dans  I'ensemble  des  Marines  tuillLaires 
(76,4  1  1,3%).  II  semble  que  cette 

Disproportion  soit  principalement  due  a 
1 ' importance  relative  de  1' accident  B  (I 
accident  sur  11  repr^sente  68%  des  morts). 
£i  cet  accident  n'est  pas  pris  en  coiupte, 
la  proportion  de  survivants  dans  notre 
statistique  devient  85  i  6%  ;  elle  est 

alors  plus  faible  que  pour  1' ensemble  des 
Marines  militaires  (c^  =  4,26,  P<0,05). 

L' analyse  a  ete  faite  en  fonction  du 
tonnage  des  appareils  :  "raoyen"  (SUPER- 
FHELON,  SEA-KING,  SEA-KNIGHT),  ’faible" 
( LVNX  et  taille  inferieure)  :  tableaux 
Villa  et  b. 

APPAREILS  DE  "MOYEN"  TONNAGE  ;  Pour  la 
Marine  Nationale,  seuls  les  3  SUPER-FRELON 
)A,  B,  C)  sont  concernes. 


Tableau  Villa:  comparaisons  des  statistiques 
pour  les  h^licopL&res  militaires  de  moyen 
tonnage 


Morts 

IF  1 

Survivants 

n  I  307 - 

'  Mortal ite 

57%  1  27% 

c 

'  =  49,9  r  <  0,01 

4otre  proportion  de  survivants  (43  ±  9%) 
-jst  plus  faible  que  pour  les  autres 
Marines  (82  i  2,0%).  II  est  probable  que 
cette  difference  tient  A  1 ' accident  B  dans 
lequel  il  n'y  a  eu  qu’un  survivant  (13 
morts  sur  un  total  de  16  dans  notre 
sArie).  Per  1 'accident  A,  la  proportion 
de  d4c6s  est  dgalement  trAs  AlevAe  (3/4). 

En  revanche,  pour  1' accident  C,  aucune 
perte  n'a  AtA  deplorAe  (O/iO). 

APPAREILS  DE  "FAIBLE"  TONNAGE  Pour 

confirner  ce  point,  la  mime  analyse  a  etA 
faite  pour  les  appareils  de  faible  tonnage 
(capacity  d'eaport  inferieure  ou  4gale  a 
celle  du  LYNX-WG13). 


Tableau  VI lib  :  comparaisons  des  statistiques 
pour  les  h61icopt6res  militaires  de  faible 
tonnage 


j  Marine 

1  Nationale 

Autres  Marines 

MorTS 

3 

- 27 - 

Survivants 

2J 

5T - 

Mortalite 

36% 

<  o.ir 

En  ce  qui  concerne  les  appareils  de  faibie 
tonnage,  le  taux  de  survie  que  nous  obser- 
vons  (88  t  2%)  est  signif icativeraent  supA- 
rieur  a  celui  des  autres  Marines  (65,4  ± 
3,4%).  Le  taux  moyen  de  survie  est  de  71,2 
.c  4,4%). 

11  est  done  trAs  probable  que  notre  taux 
de  survie  global  plus  faible  soit  lib  au 
poids  de  1' accident  B  (qui  n'lntervient 
pas  dans  la  statistique  des  nelicopteres 
de  petite  dimension).  En  revanche,  le  taux 
de  survie  plus  eleve  que  nous  observons 
avec  les  appareils  de  faible  tonnage  tient 
tres  probablement  aux  accidents 
d’ALOUETTE,  pour  lesquels  tous  les 
personnels  ont  survecu. 

PROPORTION  ET  CAUSES  DES  DECES  :  Dans  son 
iinalyse  statistique.  Brooks  indique  une 
proportion  de  morts  comprise  entre  20  et 
45%  selon  les  sbries.  Dans  la  notre,  la 
proportion  de  morts  (corps  retrouve),  est 
de  28%,  ce  qui  serait  dans  la  moyenne  ce 
Brooks.  Mais  si  le  regroupement 
morts-t-disparus  (corps  non  retrouvbs 
rapidement),  la  proportion  monte  a  49%,  ce 
qui  est  A  la  limite  superieure  indiqube 
par  cet  auteur. 

Les  causes  de  la  mort  se  rbpartissent  en  3 
catbgories  :  au  moment  de  1' impact, 
impossibilitb  d'bvacuer  I'aeronef,  libe 
aux  conditions  de  survie.  II  est  difficile 
de  faire  ia  difference  entre  les  deux 
premieres  categories,  surtout  quand  les 
corps  ne  sont  pas  retrouvbs.  Dans  notre 
etude,  elles  se  repartissent  comme  suit  : 


1  impact  ou  bvacuation 

I 

1 survie  (hypothermia) 

13  (B) 

SHI — 1 

La  cause  qui  a  fait  le  plus  de  victimes 
dans  notre  statistique  est  certainement 
1 ' hypothermia  (72%  du  total  des  morts  ou 
disparus,  dans  1  seul  accident).  II  s'agit 
des  13  personnes  concernbes  par  1' accident 
El.  L ' abaque  de  Molnar  (sujets  tout  venant) 
prevoit  un  temps  de  survie  dans  de  I'eau  A 
lO^C  compris  entre  1  heure  (pas  de  mort) 
et  3,5  heures  (100%  de  morts).  Celle  de 
Eioutelier  pour  les  memes  conditions 
indiquent  un  temps  d'atteinte  de 
Trectaic=3b"C  compris  entre  5,2  et  4,5 
Eieures  en  fonction  de  la  vitesse  du  vent 
(sujet  nu  a  panicule  adipeux  de  20  mm). 
Saunders,  pour  les  conditions  citbes,  es- 
time  un  temps  de  survie  de  b  heures.  Le 
seul  rescapb  a  ete  recueiili  aprbs  7 
heures  d' immersion.  Ce  temps  est  nettement 
Eupbrieur  a  celui  prbvu  par  Molnar  et 
Eoutelier,  mais  dans  I'ordre  de  grandeur 
prbdit  par  Saunders.  Le  teaips  de  survie  de 
ce  naufragb  vient  peut-etre  du  fait  qu'il 


etait  rompu  aux  situations  stressantes  et 
de  survie  (commando  Marine),  et  etait  en 
pleine  possession  de  ses  moyens  physiques. 
Dans  cet  accident,  un  certain  nombre  de 
facteurs  aggravants  sont  venus  compiiquer 
la  situation  :  absence  de  port  de  la 
combinaison  etanche  pour  1 'equipage,  et 
done  defaut  de  protection  thermique  ; 
impossibilite  de  recuperation  des 
materiels  de  survie  ( radeau  de  sauvetage ) 
et  done  de  se  soustraire  a  1' immersion. 

Nous  n’avons  pas  la  notion  de  prise 
position  de  protection  thermique  (Help  cu 
Huddle)  dont  I’efficacite  a  ete  prouvee 
(Coll is  et  al ) .  D'etat  de  la  mer  a 
provoque  la  dispersion  des  nauf rages,  ce 
qui  a  empeche  leur  repdrage.  Tous  les 
nauf rages  se  sont  retrouves  en  surface, 
brassiere  gonflee  au  moment  du  retour- 
nement  de  I'appareil,  et  la  noyade  semble 
done  peu  probable.  La  mort  par  hypothermia 
est  hautement  probable  dans  cet  accident. 

En  ce  qui  concerne  les  autres  causes  de 
deeds,  elles  sont  le  plus  souvent  acciden- 
telles,  liees  au  condition  de  1' impact. 
Dans  le  cas  E  (3  morts),  1 ' examen  des 
corps  retrouves  dens  I'dpave  a  montre  que 
la  cause  de  la  mort  etait  la  gravite  des 
blessures  au  moment  de  1' impact. 

Dans  1' accident  A  (3  morts,  1  blesse),  le 
rapport  fait  etat  de  1 ' impossibilite 
d’evacuer,  sans  autre  detail.  II  n'est 
done  pas  possible  d'etablir  de  conclusions 
fermes  sur  cet  accident. 

AMALXatt  PKS  ACXLPEMTS 
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1 '  amerrissage  s' est  produit  a  grande 
Vitesse  pour  ies  accidents  A,  E,  J  causant 
6  morts  et  4  blesses  (60%  de  morts).  Cette 
mortalite  est  nettement  superieure  A  la 
moyenne  generale.  Quand  1 ' amerrissage  a  eu 
lieu  a  faible  vitesse,  il  n'y  a  pas  eu  de 
mort  du  fait  de  1' impact. 

aetournement  ;  Aucune  des  ALOUETTE  III  ne 
3 'est  retournee.  II  semble  que  leur 
dispositif  de  flottabilite  soit 
oarticulierement  efficace.  Dans  tous  les 
autres  cas,  I'appareil  s' est  retcurne 
avant  de  couler.  Pour  2  d'entre  eux,  le 
retoumement  a  6te  tres  tardif  (B,  C).  Les 
consequences  du  retoumement  peuvent  etre 
directes  (difficultd  d'evacuaticn  de 
I'appareil;  (F,  G),  ou  indirectes  (dans  le 
cas  B,  il  a  rendu  impossible  le  degagement 
des  equipements  de  survie  ;  cause  de  la 
mort  de  13  personnes). 

A  partir  des  informations  disponibles, 
1' evacuation  ne  semble  pas  avoir  pose  de 
problems  particulier  A  nos  equipages. 

Puree  de  malntien  A  flot  :  La  duree  de 
maintien  A  flot  est  trAs  variable.  Elle 
semble  plus  lide  aux  conditions  de 
1’ accident  ou  au  type  d' apparel 1  qu'aux 
conditions  meteorologiques .  Quand 
I'appareil  peut  se  poser  de  fagon  rela- 
tivement  douce,  elle  est  suff isamment 
longue  pour  permettre  une  evacuation  (B, 
C).  Lots  des  inqiacts  brutaux,  il  n'a  pas 
ete  decrit  de  temps  de  flottaison 
aignificatif  (A,  E,  J). 

ROle  le  forme  de  la  cellule  les  deux 
accidents  dans  lesquels  le  temps  de 


maintien  a  flot  a  ete  le  plus  long 
concernaient  les  SUPER- FRELON,  dont  la 
flottabilite  est  intrinseque  ;  la  partie 
rnferieure  de  cellule  est  en  forme  de 
carene . 

Role  des  f lottabilxtes  addxticnnelles  i 
le  dispositif  equipant  les  Alouette  III 
(G,  H,  I)  semble  particulxArement 
efficace  ;  il  a  permis  la  recuperation 
ds3  3  apparails  ds  ce  type  accidsntes, 
sans  aucun  blesse  ni  mort.  Toutefois,  ce 
type  de  flottabilite  ne  peut  etre 
applique  qu'a  des  appareils  tres  lAgers 
( le  volume  necessaire  serait 
disproportienne  pour  des  appareils  de 
fort  tonnage). 

Role  des  retardateurs  d' immersion  :  le 
role  des  retardateurs  d' immersion  mis  en 
place  sur  les  LYNX-WG13  n'est  pas  de 
maintenir  I'appareil  a  flot  en  position 
normale,  mais  de  limiter  la  vitesse 
d ' enf oncement .  Dans  1' accident  D,  ils 
ont  maintenu  I'appareil  retcurne  en 
surface,  limitant  la  profendeur  a 
laquelle  1' equipage  a  du  evacuer  (2 
raAtres  environ)  .  Dans  le  cas  F,  il  ont 
ete  inefficaces,  I'appareil  ayant  coule 
immediatement . 

EVACUATION  :  L ' evacuation  n'a  pose  de 
probleme  que  dans  un  nombre  reduit 
d'accidents  (F,  G).  Le  tableau  IX  resurie 
les  cas  ou  les  personnels  ont  eu  a  evacuer 
1 ' appareil . 

Tableau  IX  ;  situations  d' evacuation 
des  sui'vivants 


I  1  sous  1 ' eau  | 

En  surtace 

Total 

Equipage  | 

8  : 

zs 

Passagers 

2 

ib 

lU 

Proportion 

ZTf  j 

5E1 

IWJ? 

En  ce  qui  concerne  les  Equipages,  la 
proportion  d ' evacuations  sous  I’eau  (29  ± 
■9%)  et  hors  eau  (71  ±  12%)  sont 
signif icativement  diffArentes.  Ce  point 
est  probablement  du  a  1 ' importance 
relative  des  accidents  d' ALOUETTE  III, 
pour  lesquelles  il  y  a  moms  de  passagers 
que  dans  les  autres  appareils.  Four  tenter 
de  dAterminer  si  le  type  d'appareil  influe 
sur  les  conditions  d ' Avacuation,  nous  les 
avons  comparA  pour  les  seals  Aquipages  de 
notre  statistique. 


Tableau  X  ;  rApartition  des  types 
d'Avacuation  de  I'Aquipage  en  fonction 
du  type  d'appareil 


Appareil 

“Sous  1 '  eau 

En  surface  j 

SUPER-FRELON 

0 

11 

LYNX-wG13 

5 

0 

ALOUEfTE  ill 

0 

10 

ALOUEtTE  II 

5 

2 

Il  n'y  eu  d'Avacuation  sous  I'eau  ni  avec 
les  SUPER-FRELON,  ni  avec  les  ALOUETTE 
III.  Il  n'y  a  pas  eu  d'Avacuation  en 
surface  avec  les  LYNX-WG13.  Il  semble  done 
que  le  type  d'appareil  influence  les 
circonstances  de  1 ' Avacuation. 
D'Avacuation  subaquatique  semble  Atre  la 
rAgle  avec  les  LYNX-WG13. 
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En  reprenant  1' ensemble  des  informations 
disponibles  ayant  concern^  des  LYNX-WG13 
( France  +  Pays  Bas  +  UK  +  DanemarK ) ,  on 
retrouve  8  accidents.  Sur  6  cas,  17 
personnes  ont  6t6  impiiquees.  En  se 
referant  uniquement  aux  Personnels 
Navigants,  13  membres  d' Equipages  ont  ete 
concernes,  et  il  y  a  eu  7  survivants 
(54%).  Nos  donn^es  font  etat  de  8  PN 
concernes  avec  5  survivants  (63%).  Cv.s 
chiffres  sont  tout  h  fait  comparables. 

Reprenant  toutes  les  donn^es  de  Broo)'.s 
(civils  et  militaires),  nous  avons  tente 
de  determiner  s'il  y  a  une  relation  entre 
le  taux  de  survie  et  la  taille  de 
I'appareil.  Pour  ne  pas  compliquer 
1' analyse,  seuls  ont  ete  retenus  les 
membres  d' equipage  (qui  ont  probablement 
tous  effectue  un  entralnement  a  1' evacu¬ 
ation),  eiiminant  systematiquement  les 
accidents  dans  lesquels  il  y  a  surement 
des  passagers  non  entraines,  ou  dans 
lesquels  la  distinction  n ' est  pas  possible 
( tableau  xi ) . 

Tableau  XI  :  Comparaison  de  la  mortalite 
en  fonction  de  la  taille  des  apparel  Is 
(personnels  concernes) 


Tonnage 

Moyen 

- raiBTe  — 

Morts 

THB 

3T“ 

Survivants 

3BI5 

72 

Mortalite 

33  ±  2% 

34  t  5% 

c^  =  71701,  P  >  0,90 

La  taille  du  porteur  n' influence  pas  la 
probabilite  de  survie  (toutes  sources 
contondues ) . 

B&JjB _ de _ 1  'entralnement  D'apres  nos 

chiffres,  cheque  fois  que  1' evacuation 
d'un  equipage  a  ete  tentee  (sujets  non 
gravement  blesses),  elle  a  reussi.  Un  seul 
passager  a  dd  evacuer  I'appareil  sous 
1 ' eau  (cas  U).  11  a  ete  aide  par  le 

copilote  de  I'appareil.  Dans  tous  Les 
autres  cas  de  transport  de  passagers, 
1' evacuation  a  pu  se  faire  hors  eau 
( SUPER-FKELON ) .  11  n ' est  done  pas  possible 
d'af firmer,  a  la  seule  lumiere  de  ces 
informations,  si  les  passagers  (non  soumis 
a  1 ' entralnement  de  I'Ecole  de  Survie  et 
de  Sauvetage  de  1 ' Aeronautique  Navale, 
ESSAN)  courent  des  risques  plus  importants 
que  les  sujets  entraines.  Nous  avons  tente 
1' analyse  en  reprenant  1' ensemble  des 
donnees  fournies  par  Brooks  (civils  et 
mi  1 itaires ) . 

Tableau  XII  :  Comparaison  de  la  mortalite 
entre  accidents  militaires  (tous  confondus) 
et  accidents  civils  en  Mer  du  Nord 


Militaires 

Civils 

'"Morts 

247 

129 

Survivants 

799 

216 

Mortalite 

T4  "i  I'l 

37  ±  3% 

[  c^  =  24,9  P  <  0,01 1 

L' analyse  statistique  montre  que  la 
proportion  de  morts  est  plus  importante 
dans  les  accidents  civils  de  Mer  du  Nord 
(37,4  t  2,6%,  Moyenne  t  SD)  que  pour  les 
accidents  militaires  (23,6  t  1,3%).  11  est 


possible  que  cette  difference  soit  due  au 
taux  eieve  de  passagers  non  entraines  dans 
les  accidents  civils.  Nous  avons  done 
separe,  pour  1 'etude  des  accide.its  civils, 
ceux  avec  plus  de  5  personnes  a  bord 
(forte  proportion  de  passagers)  de  ceux 
pour  lesquels  il  y  avait  5  personnes  ou 
moins  a  bord  (forte  proportion  d'equipage, 
tableau  XIII) . 


Tableau  XIII  :  Comparaison  de  la  mortalite 
entre  accidents  civils  avec  plus  de  5 
personnes  e  bord  et  ceux  avec  5  ou  moins 


TTvTTF^TI 

Civils  >  5 

Morts 

5 

12^ 

Survivants 

29 

THT 

Mortalite 

15  +  6% 

40  ±  1% 

= 

8,29  P  <  0,01 

L'examen  du  tableau  XIII  montre  que  la 
mortalite  est  plus  dlevde  dans  les 
transports  ^  forte  proportion  de  passagers 
(>5  personnes  A  bord,  39,9  ±  2,1%)  que  si 
le  nombre  de  passagers  est  faible  (i  5 
personnes  a  bord,  14,7  ±  6,3%). 

Dans  les  transports  A  faible  proportion  de 
passagers,  il  est  probable  que  la 
proportion  d'dquipages  qui  ont  subi  un 
entrainement  specif ique  est  plus  grande. 
Pour  cclaircir  ce  point,  nous  avons 
compard  les  accidents  civils  "A  forte 
proportion  d'dquipage"  aux  accidents 
militaires  (tableau  XIV). 


Tableau  XIV  :  Comparaison  de  la  mortalite 
entre  accidents  militaires  (tous  confondus) 
et  accidents  civils  avec  5  personnes 
ou  moins  A  bord 


1 

Militaires 

Civils  <  5 

Morts 

247 

5 

Survivants 

799 

”""29 . 

Mortalite 

1  24  i  1% 

1  15  i  6% 

C‘  = 

1,46  P  <  0,2 

0 

L'examen  du  tableau  montre  que  la 
difference  n'est  pas  significative  :  le 
taux  de  survie  des  equipages  militaires 
(76,4  ±  1,3%)  n'est  pas  different  de  celui 
des  accidents  civils  a  forte  proportion 
d'equipage  (65,3  i  6,1%).  Cette 
repartition  peut  provenir  de  2  causes  : 
dans  les  transports  civils,  les  adronefs 
sont  differents  entre  vols  A  faible  ou 
forte  proportion  de  passager  (avec  en 
particulier  de  nombreux  heiicoptAres  de 
cechnologie  ancienne  en  milieu  civil)  ; 
les  equipages  d ' helicoptere,  civils  ou 
militaires,  ont  en  general  ete  soumis  A  un 
entralnement  A  1 ' evacuation,  ce  qui  n'est 
pas  possible  pour  les  passagers. 

Il  est  probable  que  la  difference  entre 
les  taux  de  survie  des  passagers  et  des 
equipages  vient  de  cette  derniAre 
difference.  Quand  cette  separation 
equipage/passagers  est  appliqude  A  notre 
sdrie,  la  difference  n'est  pas  retrouvde. 
La  cause  en  est  probablement  encore  une 
fois  1' accident  B,  qui  comporte  A  lui  seul 
72%  des  deeds. 
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Routes  de  sortie  :  Aucun  des  rapports  de 
ta  Marine  Nationale  ne  fait  etat  de 
difficultes  a  identifier  les  issues,  peut 
litre  parce  qu'il  s'agit  dans  tous  les  cas 
d'appareils  de  petite  dimension  (LYNX-WG13 
et  ALOUETTE  II)  a  faible  proportion  de 
passagers.  On  peut  supposer  que  la 
formation  donnee  par  I'ESSAN  permet  aux 
equipages  de  connaitre  les  routes  de 
sortie.  Le  seul  qui  aurait  pu  avoir  des 
difficultes  est  le  passager  de  1' accident 
G;  le  comportement  adapte  du  treuilliste 
lui  a  permis  de  ne  pas  avoir  de  probleme. 
II  est  probable  que  cette  difficulty  doit 
etre  majeure  dans  les  helicopteres  de 
transport,  pour  lesquels  1 '  entrainement 
des  passagers  ne  peut  etre  fait. 

Preparation  du  vol  ;  La  preparation  du  vol 
a  tres  probablement  ete  defectueuse  dans 
le  cas  B.  En  effet,  ce  vol  se  faisait  jiu 
profit  de  sujets  habitues  a  transiter  en 
helicupLeie,  et  le  briefing  a  peut  etre 
ety  ecourte.  II  est  etonnant  que,  alois 
uue  1 ' amerrissage  a  ete  assez  doux,  le 
"chef  cargo"  ne  se  soit  pas  immediatement 
occupy  de  reperer  le  materiel  de  survie 
(probleme  de  panique  ?).  0 ' apres  Je 

rapport  :  "un  des  passagers  extrait  de 
I'appareil  un  "coirs  orange"  non  arrinie 
qu'il  pense  etre  le  materiel  de  sauvetage; 
ce  dernier  coule  inuiiediatement" .  Ce  passa- 
gei  n'a  pas  pu  ideuLifier  le  materiel  en 
question,  c'est  done  que  personne  ne  lui  a 
indique  oil  trouver  le  materiel  de  survie 
■^ans  cet  appareil.  A  la  deuxieme 
tentative,  1 ’ helicopLere  avait  cabane  et 
personne  n'a  pris  le  risque  de  penetrer  a 
I'interieur  de  la  cellule  envahie  par 
I'eau.  La  connaissance  insufflsante  dCiS 
matyriels  de  survie  par  ie  personncil 
ambarque  a  sans  doute  joue  un  role 
determininant  dans  le  bilan  humain  de  cet 
accident . 

Inhaiateurs  d' evacuation  Devant  la 

frequence  des  evacuations  sous  I'eau, 
Brooks  propose  1 ' uti 1 isation  d ' inhaiateurs 
1 ' ovacuat ion .  Ces  materiels  sont  certes 
interessants ,  en  ce  sens  qu'ils  liiiiitent 
le  risque  de  panique.  Cependant,  deux 
orobiemes  peuvent  de  se  poser  ;  danger  de 
surpression  pulnionaire,  si  le  sujets 
panique  et  ferrae  sa  glotte  pendant  la 
remontee  ;  gSne  occasionnee  par  cet 
aquipement . 

Le  premier  risque  est  surement  minimisable 
par  i ' entra Inemen t ,  puisque  la 

.oiiipoi  teiiieii t  adapLe  est  acquis  lors  de 
I  ' appient issage  par  les  plongours  (les 
axercices  comportent  de  tels  types  de 
cemontee).  Sur  ce  dernier  point  la 
controveise  leste  ouverte  sur  le  rapport 
jti 1 i te/risque  de  ce  type  d ' entrainement . 

Le  deuxiyme  point,  est  plus  complexe  et 
teiyve  de  I'ergonomie.  La  gene  peut 
apparaltre  lors  ; 

-  du  port  permanent  ( encombrement ,  poids); 

ZB  point  peut  Stre  rysolu  par 
1 ' utilisation  de  systfemes  A  trAs  haute 
pression  (>300  b)  en  technologie  moderne  ; 
cependant,  la  taille  du  ddtendeur 
ndeessaire  semble  actuellement 

diff ici lament  r6ductible. 

-  de  1 'yvacuation,  par  1 ' encombrement  de 
('ensemble  bouteillQ-ddtendcur,  avec  le 


risque  de  s ' accrocher  au  passage  ;  ce 
point  peut  etre  minimise  par  1 ' integration 
de  1 ' inhalateur  au  gilet  de  sauvetage. 

-  de  I'entretien  (verification  de  gonflage 
prealable  de  la  bouteille,  etc...),  roais 
ceci  sort  du  cadre  de  cette  etude. 

La  frequence  des  evacuations  sous  I'eau 
pose  la  question  de  1 ' investissement  pour 
la  probability  d' utilisation.  Dans  notre 
serie,  il  aurait  peut-etre  pu  sauver  3 
vies  humaines  sur  les  39  mises  en  danger). 

Emplacement  des  materiels  de  survie  :  Dans 
le  cas  B,  1 ' emplacement  des  matyriels 
coliectifs  de  survie  est  nianifestemerit 
inadapte  :  leur  reperage  a  ety  impossible 
par  un  passager  (non  initie),  1' extraction 
du  materiel  reel  ‘s'est  avyrye  impossible 
apres  le  retournement  de  I'appareil. 

Une  situation  analogue  a  ete  decrite  par 
Anton  (accident  G-BBHN).  Dans  les  2  cas, 
le  retournement  de  I'appareil  est  cn 
cause.  La  misa  de  cet  equipement  a 
I'exterieur  serait  certainement  une 
excel lente  solution.  Vue  la  frequence  des 
positions  retournyes,  il  faudrait  placer 
ce  materiel  sous  les  cellules  pour  qu'il 
reste  accessible  ;  se  poserait  alors  la 
question  de  son  amarrage  ;  il  doit  §tre 
suf f isamment  solide  pour  resister  aux 
contraintes,  mais  facile  a  larguer  sans 
outil  pour  un  sujet  inunerge  dans  I'eau 
f roide . 

.Burvie  :  Dans  1' accident  B,  le  probleme 
essential  a  ety  celui  de  la  survie  en  eau 
froide.  Ce  type  de  probleme,  bien  que 
n'ytant  pas  specifiquement  ayronautique  ou 
lie  A  1 ' amerrissage  des  helicopteres,  a 
ety  la  plus  importante  cause  de  decAs  dans 
notre  syrie. 

RyciiDeration  des _ Mauftag^  :  l-a 

recuperation  des  naufrages  peut  etre 
probleme  parfois  insurmontable .  Dans  notre 
serie,  il  est  tres  frequent  que  la 
recupyration  des  survivants  ne  puisse  Stre 
assurye  que  par  des  moyens  de  surface.  Ins 
conditions  myteorologiques  ne  permettant 
pas  le  repyrage  et  encore  moins  le 
treuillage  des  naufragys. 


CONCLUSION 

Cette  ytude,  trbs  fractionnaire,  montre 
que  les  accidents  d ' hyiicoptAres  au  dessus 
de  I'eau  dans  la  Marine  Nationale  sont  peu 
fryquents.  L'un  d'entre  eux  mis  A  part,  le 
taux  de  survie  est  yievA. 

Elle  retrouve  les  principaux  facteurs  de 
gene  A  I'yvacuation  dycrits  par  Brooks, 
avec  cependant  une  moindre  gene  A 
1 ’ y vacua! ion . 

L'yvacuation  subaquatique  semble  la  rfegle 
pour  le  LYNX-WG13,  alors  qu'elle  est 
exceptionnelle  avec  les  autres  appareils. 
Ceci  pose  la  question  de  1 '  adaptation  de 
1 'entrainement  (qui  ne  semble  pas  poser  de 
problAmes  aux  yquipages,  mais  peuvent 
exceptionnellement  en  poser  pour  les 
passagers),  des  yquipements  de  vol  (port 
des  comblnaisons  ytanches  pour  les 
passagers),  des  matyriels  d'yvacuation 
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(mini-appareil  respiratoire  de  secours 
intdgre  dans  la  brassifere  par  exemple)  et 
de  1 ' emplacement  des  equipements  de  survie 
(a  I'exterieur  de  la  cellule),  etc... 

Elle  demanderait  a  etre  etendue  sur  une 
periode  plus  longue  pour  : 

-  atteindre  des  effectifs  statistiquement 
signif icatif s , 

-  envisager  le  role  des  conditions  de  vol, 
des  types  d'appareils  et  des  differents 
equipements, 

-  tenter  d'evaluer  1 ' apport  de  la  mise  en 
service  de  I'ESSAN  sur  les  possibilit^s  de 
survie . 
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SUMMARY 

This  paper  examines  the  United  States 
Navy/Marine  Corps’  (USN)  experience  with 
:.i  licopter  Class  A  over  v\  ater  mishaps  for  the 
period  from  1977  to  1990.  There  were  137 
helicopter  Class  A  flight  mishaps  over  water 
during  this  period  with  an  overall  survival  rate  of 
83%  in  survivable  water  crashes.  During  this  peri¬ 
od,  the  USN  developed  several  programs  to  im¬ 
prove  survivability.  The  helicopter  water  survival 
training  device  (WSTD  or  9-D-5  device)  was 
instituted  in  1982.  The  helicopter  emergency 
escape  device  system  (HEEDS)  and  the  helicopter 
emergency  lighting  system  (HEELS)  were  imple¬ 
mented  in  1987. 

This  study  attempts  to  answer  the  question 
whether  or  not  these  programs  have,  in  fact, 
improved  survival  since  their  implementation.  In 
addition,  the  study  reviews  the  types  of  oper¬ 
ational  problems  encountered  with  these  devices. 
The  results  indicate  that  the  WSTD  and  HEEDS 
may  have  contributed  to  the  statistically 
significant  improved  survival  seen  among  Navy 
aircrew  in  night  crashes.  They  may  have  also  con¬ 
tributed  to  the  imprt  ement  (not  statistically 
significant)  in  survival  among  passengers  in  night 
crashes.  The  data  were  inconclusive  with  resp)ect 
to  the  effects  of  HEELS  because  of  its  not  being 
implemented  throughout  the  fleet.  Operational 
problems  with  these  vices 


were  minor  and  the  benefits  of  each  program  far 
outweigh  any  risks.  In  fact,  in  night  crashes 
aircrew  had  significantly  higher  likelihood  of 
survival  than  passengers  who  were  essentially 
untrained  occupants.  Other  factors,  in  addition  to 
the  devices  studied,  may  have  also  affected 
survival  probabilities. 

1  INTRODUCTION 

Survivability  in  aircraft  mishaps  is  usually  a 
function  of  impact  force  magnitude  and  post  crash 
environmental  factors.  Helicopter  crash  impact 
forces  are  often  significantly  less  than  fixed  wing 
aircraft.  As  a  result,  a  substantial  portion  of 
helicopter  impacts  are  potentially  survivable. 
However,  when  reduced  impact  forces  are 
combined  with  water  entry,  the  post  crash  envi¬ 
ronment  presents  unique  challenges  to  the 
survivors.  Crew  and  passenger  escape  are  related 
to  a  multiplicity  of  factors,  especially  the  actual 
egress  from  the  aircraft. 

Escape  may  be  hampered  by  the  sheer  bulk  of 
equipment  worn,  by  problems  in  releasing  restraint 
systems,  or  by  difficulty  in  or  inability  to  release  or 
open  escape  hatches  or  windows.  The  individual 
crew  member  or  passenger  may  be  unable  to  reach 
emergency  exits  due  to  obstructions,  equipment 
hang-up,  unusual  aircraft  attitude,  or  personal 
injuries.  Indeed,  survivors  may  become  trapped  in 
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the  aircraft.  Although  these  factors  are  no*  unique 
to  the  water,  they  are  certainly  magnified  at  sea. 
Impact  at  sea  is  associated  with  the  additional 
problem  of  an  immediate  in-rush  of  water.  It  may 
be  dark,  even  in  the  day-time  and  it  is  frequently 
cold.  The  survivor  will  often  experience  confusion 
and  disorientation.  This  may  be  compounded  by 
injuries  sustained  during  the  initial  dissipation  of 
crash  energy.  He  or  she  may  be  dazed,  injured  or 
rendered  unconscious.  There  may  be  problems 
with  fire,  smoke,  or  fuel,  although  these  are  infre¬ 
quent  complications  at  sea.  All  of  these  problems 
have  been  well  documented  by  other  investigators 
(Refs  1  &  2). 

During  the  past  decade,  the  USN  has  implemented 
several  programs  in  an  attempt  to  reduce  the 
overall  mortality  and  morbidity  associated  with 
helicopter  over  water  crashes.  In  1981  the  USN 
initiated  a  multi-place  helicopter  water  ditching 
training  program  using  the  9-D-5  Water  Survival 
Training  Device,  the  so-called  "helo-dunker" 
(WSTD).  The  WSTD  exposes  aircrew  to  a  series; 
of  simulated  helicopter  water  impact  scenarios  and 
teaches  the  skills  necessary  for  successful  egress. 

In  1987  the  USN  introduced  the  Helicopter 
Emergency  Egress  Device  System  (HEEDS)  fleet¬ 
wide.  This  is  an  emergency  breathing  system  that 
gives  the  aircrewman  up  to  three  minutes  of  air 
during  the  critical  post-impact  period.  When  one 
considers  the  rapidity  with  which  most  helicopters 
sink  after  water  crashes,  three  minutes  may  make 
all  the  difference. 

Also,  in  1987  the  USN  began  retrofitting  its 
aviation  fleet  with  the  Helicopter  Emergency 
Egress  Lighting  System  (HEELS).  This  system  is 
actuated  at  the  time  of  impact  or  shortly  thereafter 
by  contact  with  water.  It  is  strategically  placed  to 
indicate  the  route  to  and  location  of  the  main 
emergency  exit. 


The  USN  developed  these  systems  as  an  integrated 
package  to  address  the  most  pressing  problems 
identified  in  helicopter  water  impacts.  The  WSTD 
would  reduce  the  degree  of  panic,  confusion  and 
disorientation  during  attempted  escape,  HEEDS 
would  provide  sufficient  time  to  reach  the  exit  and 
HEELS  would  "light  the  way." 

This  study  attempted  to  answer  two  questions. 
First,  have  these  survival  interventions  (i.e.,  the 
WSTD,  HEEDS,  and  HEELS)  reduced  the 
mortality/morbidity  rates  from  over  water 
helicopter  crashes?  Second,  what  kinds  of  prob¬ 
lems  have  arisen  and  been  documented  in  using 
these  systems? 

2  METHODS 

The  analysis  was  restricted  to  helicopter  data  for 
1977-1990.  For  baseline  comparison,  we  initially 
determined  the  total  number  of  over  land  and  over 
water  helicopter  Class  A  flight  mishaps  and  their 
corresponding  survival  rates  for  the  period  in 
question  (1977-1990).  A  Class  A  flight  mishap  is 
defined  as  one  in  which  a  naval  aircraft  was 
destroyed  or  the  cost  was  over  one  million  dollars 
of  damage  or  there  was  loss  of  life  or  permanent 
total  disability.  Survival  rates  were  computed 
both  for  Naval  Aviation  as  a  whole  (Navy  and 
Marine  Corps)  and  for  the  individual  services. 

Over  water  helicopter  crash  data  were  then  sepa¬ 
rated  into  three  time  periods  to  note  the  introduc¬ 
tion  of  training  modalities  to  be  examined.  Data 
were  examined  for  1977  through  1981  (PI),  prior 
to  introduction  of  the  programs  in  question,  for 
1982  through  1986  (P2),  after  full  implementation 
of  the  9-D-5  trainer  and  for  1987  through  1990 
(P3),  after  full  implementation  of  the  HEEDS  pro¬ 
gram.  No  such  evaluation  was  possible  for 
HEELS,  since  the  program  has  yet  to  be  imple¬ 
mented  fleet-wide.  Only  the  Navy’s  H-60’s  and 
the  Marine  Corps  H-46’s  have  been  completely 
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refitted  with  HEELS.  All  other  Navy  and  Ma.  jie 
Corps  helicopter  types  remain  in  some  stage  of 
HEELS  retrofit. 

The  narrative  of  each  over  water  mishap  was 
examined  to  determine  the  problems,  if  any, 
created  by  each  of  the  above  safety  interventions. 
Specific  data  on  HEEDS  were  available  in  the 
Naval  Safety  Center  Data  Base.  Data  on 
operational  problems  encountered  with  HEELS 
were  also  available  in  the  Data  Base.  For  the  9-D- 
5  trainer,  reports  were  analyzed  from  the  Water 
Survival  Training  Model  Manager  located  at  the 
Naval  Schools  Command  (Ref  3).  The  data  were 
then  converted  into  incidence  of  problems  per 
100,(XX)  training  evolutions.  Finally,  we  applied 
statistical  tests  to  determine  if  survival 
probabilities  changed  significantly  across  the  time 
periods.  We  also  compared  United  States 
Navy/Marine  Corps  over  water  statistics  ior  differ¬ 
ences  in  survival  likelihoods. 

3  RESULTS 

During  1977-1990  there  were  268  helicopter  Class 
A  flight  mishaps,  131  over  land  and  137  over 
water.  There  were  721  occupants  in  the  over  land 
mishaps.  Of  these,  64%  survived.  The  survivors 
included  67%  of  the  468  aircrew  and  59%  of  the 
253  passengers.  The  over  water  mishaps  involved 
638  occupants.  The  survivors  numbered  70%, 
which  consisted  of  72%  of  the  499  aircrew  and 
60%  of  the  1 39  passengers. 

The  137  over  water  crashes,  which  involved  138 
occupied  aircraft,  included  115  survivable  aircraft. 
A  survivable  aircraft  is  one  in  which  at  least  one 
person  survived.  There  were  537  occupants  in 
these  survivable  aircraft.  Of  these,  83%  survived. 
The  survivors  included  86%  of  the  418  aircrew  and 
71%  of  the  119  passengers. 


Table  I  siunmarizes  the  results  of  the  study  of  all 
survivable  over  water  Class  A  helicopter  flight 
mishaps.  Statistical  tests  of  significance  were 
performed  to  test  the  hypothesis  (Ho)  tliat 
survival  probability  was  independent  of  time 
against  the  hypothesis  (HI)  that  survival 
probability  and  time  were  d'-pendent.  Ho  was 
rejected  in  this  analysis  and  results  were  defined  to 
be  "statistically  significant"  if  the  descriptive 
significance  level,  p,  was  less  than  .10.  Tests  were 
performed  first  for  survivable  over  water  crashes 
with  time  divided  into  1977-1981  (PI),  1982-1986 
(P2),  and  1987- 1990  (P3).  The  tests  were 
performed  on  statistics  stratified  by  aircrew  and 
passengers,  for  Navy/Marine  Corps  combined,  for 
Navy  and  Marine  Corps  separately,  and  for  day 
versus  night. 

The  stratifications  were  essential  because  of 
mission,  aircraft,  and  policy  differences  between 
the  services.  The  Marine  Corps  helicopter  fleet 
consists  primarily  of  the  H-1,  H-3,  H-46,  and  H- 
53,  while  the  Navy  flies  the  H-1,  H-2,  H-3,  H-46, 
H-53,  H-57,  H-58,  and  H-60.  Throughout  1977- 
1990,  the  Navy  has  forbidden  passengers  on  night 
helicopter  operations.  The  Marine  Corps’  policy 
was  the  same  until  1982  when  amphibious 
missions  required  transporting  troops 
("passengers")  under  the  "cloak  of  darkness." 

Refening  to  Table  I,  there  were  statistically 
significant  relationships  between  survival 
probability  in  Navy  night  as  well  as  Marine  Corps 
day  over  water  survivable  crashes  and  lime  period. 
Aircrew  survival  probabilities  in  Navy  night 
crashes  significantly  increased  from  79%  ("'1  of  39) 
to  85%  (52  of  61)  to  94%  (31  of  33)  during  PI,  P2, 
and  P3  respectively.  However,  both  Marine  Corps 
aircrew  and  passenger  day  crash  survival 
probabilities  significantly  deceased  from  PI  to  P2. 
There  were  no  Marine  Corps  over  water  survivable 
day  crashes  during  P3.  The  Marine  Corps  aircrew 
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day  survival  probabilities  during  PI  and  P2  were 
92%  (24  of  26)  and  67%  (6  of  9)  respectively.  The 
Marine  Corps  passenger  day  survival  probabilities 
during  PI  and  P2  were  100%  (10  of  10)  and  67% 
(12  of  18)  respectively. 

Statistical  tests  were  also  performed  on  over  water 
survivable  crash  data  across  the  1977-1990  period 
where  Ho;  Survival  probability  was  independent 
of  (a)  day,  night;  (b)  aircrew,  passenger;  (c)  Navy, 
Marine  Corps  against  HI:  Survival  probability 
and  (a);  (b);  (c)  are  dependent.  Specific  statisti¬ 
cally  significant  relationships  were  observed.  Both 
aircrew  and  passenger  survival  probabilities  were 
significantly  higher  in  day  crashes  than  in  night 
crashes  for  the  Navy/Marine  Corps  combined 
(90%-234  of  260  vs  80%-127  of  158  for  aircrew: 
day  vs  night  and  88%-73  of  83  vs  31%-1 1  of  36  for 
passengers:  day  vs  night).  The  differences  were 
particularly  large  in  the  Marine  Corps  (86%-30  of 
35  vs  52%-l3  of  25  for  aircrew:  day  vs  night  and 
79%-22  of  28  vs  31%-!  1  of  35  for  passenger:  day  vs 
night).  Aircrew  were  also  significantly  more  likely 
than  passengers  to  survive  night  crashes 
Navy/Marine  Corps  combined  (80%-127  of  158  vs 
ilVo-U  of  36). 

Comparisons  between  Navy  and  Marine  Corps 
over  water  survivable  Class  A  flight  mishaps  show 
that  occupants  of  Navy  aircraft  were  significantly 
more  likely  to  survive  than  occupants  of  Marine 
Corps  aircraft  regardless  if  day  or  night  or  aircrew 
or  passenger  (89%-369  of  414  occupants  in  Navy 
aircraft  survived  while  62%-76  of  123  occupants  in 
Marine  Corps  aircraft  survived). 

Statistical  analysis  of  all  Navy/Marine  Corps  Class 
A  flight  mishaps,  survivable  and  non-survivable 
con  bined,  showed  that  the  probability  of  survival 
in  over  land  crashes  did  not  change  significantly 
during  PI,  P2,  and  P3  for  either  aircrew  or 
passengers  (66%-153  of  232,  76%-91  of  120,  61%- 


71  of  116  for  aircrew;  59%-53  of  90,  55%-45  of  82, 
63%-51  of  81  for  passengers).  However,  aircrew 
survival  probability  significantly  declined  in  over 
water  crashes  with  a  larger  decrease  occurring  in 
P3  over  PI  and  P2  (76%-123  of  162,  78%-155  of 
198,  60%-83  of  139  for  PI,  P2,  and  P3  re¬ 
spectively).  The  passenger  survival  probabilities  in 
over  water  crashes  decreased  after  PI,  but  the 
decreases  were  not  statistically  significant  (77%-20 
of  26,  50%- 34  of  68,  67%-30  of  45  for  PI,  P2,  and 
P3  respectively).  Finally,  the  probability  of 
aircrew  surviving  an  over  water  crash  (72%-361  of 
499)  was  significantly  greater  than  surviving  an 
over  land  crash  (67%-315  of  468).  The  difference 
for  passengers  (60%-84  of  1 39  over  water  vs  59%- 
149  of  253  over  land)  was  not  statistically  signifi¬ 
cant. 

The  p  values  throughout  the  analysis  must  be 
interpreted  in  view  of  the  dependency  of  the  data 
sets  and  the  performance  of  multiple  statistical 
tests. 

Review  of  narratives  of  all  over  water  crashes  in 
which  HEEDS  was  a  factor  in  the  egress  phase  of 
the  mishap  indicated  25  "saves."  A  "save"  was 
defined  as  an  individual  who  perceived  that  he  or 
she  would  not  have  survived  without  the  use  of 
HEEDS.  This  was  determined  by  review  of 
survivor  statements  made  to  investigation  boards. 

Finally,  there  were  problems  reported  during  9-D- 
5  training  and  with  operational  use  of  both 
HEEDS  and  HEELS.  Since  1981,  there  has  been 
one  death  reported  related  to  9-D-5  training.  For 
the  one  year  (1991)  for  which  fleetwide  reports 
were  required,  there  were  no  major  injuries 
reported  with  9-D-5  training;  there  were  a  total  of 
17  minor  injuries.  The  incidence  of  minor  injuries 
was  28.3/l(X),(XX)  evolutions.  There  were  a  total  o 
60,000  training  evolutions  conducted  in  1991 
fleetwide.  Minor  trauma  was  the  most  common 
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injury  at  41 .2%  of  all  minor  injuries--an  incidence 
of  1 1.7.  Table  II  summarizes  these  data  for  the  9- 
D-5  trainer. 

There  were  only  two  HEELS  incidents  reported; 
both  occurred  in  1989.  One  was  an  "actuation 
failure"  in  a  H-3  and  the  other,  a  "difficulty  in 
locating"  in  a  H-2. 

There  were  19  aircrew  who  reported  a  total  of  21 
problems  with  HEEDS  use  during  helicopter  Class 
A  flight  mishaps  from  1987-1990.  Of  these,  the 
most  common  were  "Needed,  not  used"  (4), 
"Donning/Removal"  problems  (5),  and  "Needed, 
not  available"  (5).  Table  III  lists  HEEDS  prob¬ 
lems  coded  by  the  Naval  Safety  Center. 

4  DISCUSSION 

Overall  Survivability 

Although  the  data  show  that  there  was  no 
significant  increase  in  the  probability  of  survival 
for  total  Navy/Marine  Corps  aircrew  in  over  water 
Class  A  survivable  helicopter  flight  mishaps  over 
the  periods  examined,  there  was  a  significant 
increase  in  the  probability  of  survival  from  PI  to 
P2  to  P3  for  Navy  aircrew  in  night  over  water 
mishaps.  This  suggests  the  programs  studied  may 
have  contributed  to  the  increase  in  survival 
probability  of  this  group. 

During  PI,  the  number  of  night-time,  passenger 
carrying  missions  was  almost  non-existent.  The 
situation  changed  in  1982  with  the  decision  to  use 
night  vision  devices  as  a  means  of  improving 
American  night-fighting  capabilities.  Over  the 
next  few  years,  as  the  Marine  Corps  developed  its 
night  assault  and  insertion  doctrine,  night 
passenger  carrying  missions  increased 
dramatkally. 


The  improvement,  though  not  statistically 
significant,  seen  in  percent  survival  of  night 
passengers  from  P2  to  P3  may  be  attributed  to 
several  factors.  First,  when  the  Marine  Corps 
initially  began  over  water  night-time  personnel 
helicopter  movements  in  1982,  troops  ("passen¬ 
gers")  routinely  wore  combat  gear  during  over 
water  flight.  The  bulk  of  this  equipment  rendered 
emergency  egress  through  hatches  and  windows  al¬ 
most  impossible.  Many  Marine  Corps  units  now 
require  this  gear  be  stowed  and  donned  just  prior 
to  disembarkation. 

Second,  the  wearing  of  restraints  while  passengers 
were  seated  in  flight  was  poorly  enforced.  If  an 
over  water  inflight  emergency  did  arise,  it  was 
quite  likely  that  a  substantial  munber  of 
passengers  would  impact  the  water  while 
unrestrained.  It  is  almost  impossible  to  keep  a 
reference  point  or  maintain  orientation  during 
unrestrained  impact.  Procedures  now  require  the 
crew  chief  to  brief  passengers  on  strict  compliance 
with  all  restraint  regulations.  Finally,  since  pas¬ 
sengers  are  not  formally  trained  in  water  survival, 
they  are  usually  unfamiliar  with  the  methods  for 
safe  egress  from  a  sinking  helicopter.  The  Marine 
Corps  has  recently  instituted  basic  water  survival 
training  for  ground  forces  prior  to  over  water 
helicopter  operations. 

The  9-D-5  Device 

Did  the  introduction  of  the  9-D-5  increase  the 
probability  of  survival  of  over  water  survivable 
helicopter  crashes?  Considering  only  aircrew 
members,  there  was  significant  improvement  in  the 
night  Navy  aircrew  survival  from  PI  to  P2  to  P3. 
This  suggests  the  9-D-S  training  program  has  had 
a  positive  impact  on  the  survival  of  this  group. 
Furthermore,  narrative  reports  prepared  by 
aircrew  mishap  survivors  generally  indicate  that 
water  survival  training  was  an  important,  positive 
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factor  in  the  immediate  post-crash  water 
environment. 

Water  survival  training  involves  much  more  than 
just  the  multi-place  9-D-5  trainer.  The  program 
includes  swimming,  using  several  strokes  in  full 
flight-gear  for  certain  distances,  treading  water  for 
a  fixed  period  of  time  and  "drown  proofing"  over  a 
considerable  time.  It  also  includes  trainee  identifi¬ 
cation  and  utilization  of  all  available  survival  gear, 
as  well  as  training  with  other  devices.  These 
include  the  parachute  drag,  water  entrance  via  the 
"slide  for  life",  the  parachute  disentanglement 
device  and  the  rescue  procedures  demonstrator. 

Admittedly,  not  all  of  this  experience  is  directly 
related  to  helicopter  egress.  However,  the  trainee 
receives  considerable  time  in  the  water 
environment  dealing  with  simulated  survival 
activities.  This  experience  serves  to  minimize  the 
novelty  of  the  water  egress,  instilling  confidence 
which  may  help  reduce  initial  panic. 

Although  the  data  indicate  there  was  not  an 
overall  improvement  in  survival  for  total 
Navy/Marine  Corps  aircrew,  it  can  not  be  con¬ 
cluded  that  the  device  has  not  made  a  positive 
contribution  to  overall  survivability.  The  water 
survival  program  must,  in  the  final  analysis,  be 
considered  as  a  whole.  Generally,  it  appears  this 
type  of  training  has  saved  lives. 

Since  its  introduction,  there  has  been  one  9-D-S 
associated  fatality,  a  drowning  victim  at 
Pensacola.  Overall,  there  have  been  only  minor 
problems  incurred  during  9-D-5  device  training. 
The  data  are  somewhat  limited,  since  central 
reporting  was  not  required  prior  to  fiscal  year  1991 
(FY  91).  See  Table  II.  Reports  for  that  year  show 
only  minor  injuries,  the  majority  of  which  were 
blunt  trauma  sustained  by  contact  with  the  device 
or  with  other  trainees  in  the  process  of  egress. 


Water  aspiration  was  minimal  in  the  few  cases 
reported  and  did  not  lead  to  other,  more  serious 
complications.  Minor  muscle  strains  were  the 
second  most  commonly  reported  injuries  (Ref  3). 
Given  the  type  of  training  and  the  level  of  physical 
intensity  required,  these  kinds  of  injuries  are  not 
unexpected.  The  overall  benefits  of  the  training 
appear  to  outweigh  the  slight  risk  of  injury. 

The  HEEDS  Program 

Did  the  introduction  of  HEEDS  improve  survival? 
The  data  suggest  that  HEEDS  may  have 
contributed  to  the  significant  improvement  in 
survival  probability  seen  from  PI  to  P2  to  P3  in 
Navy  aircrew  on  night  over  water  crashes.  In 
addition,  based  on  aircrew  narrative  reports,  it  is 
clear  that  the  HEEDS  device  has  facilitated  water 
escape.  Individuals  consistently  reported  a 
calming  effect  with  the  use  of  HEEDS,  replacing 
the  post-impact  panic  frequently  experienced  with 
the  initial  inrush  of  water,  cold  shock,  and 
disorientation.  With  HEEDS  use,  the  aircrew  has 
additional  time  to  help  passengers  safely  egress. 
The  Marine  Corps  is  seriously  considering  training 
ground  troops  in  HEEDS  use  and  supplying  the 
device  for  over-water  missions. 

Most  of  the  problems  encountered  with  HEEDS 
can  be  attributed  to  the  device’s  procurement 
history.  Acquired  as  an  add-on  to  the  already 
existing  survival  vest,  the  long,  bulky  oxygen 
canister  replaced  an  unrelated  piece  of  equipment 
in  the  vest  left,  front  pocket.  To  hold  it  in  place,  it 
was  attached  by  a  lanyard.  There  have  been 
reported  problems  with  both  removal  and  the 
initial  donning.  On  occasion,  the  device  was  lost 
because  the  lanyard  was  not  secured,  or  was 
absent  altogether.  There  are  several  reports  of 
minor  injuries  from  contact  with  the  device.  There 
will  soon  be  available  a  more  compact  version, 
ultimately  replacing  the  present  system.  However, 
availability  problems  due  to  aircrew  failure  to 
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properly  pre-flight  personal  gear  or  paraloft  error, 
such  as  failure  to  attach  the  restraining  lanyard, 
will  continue.  In  an  attempt  to  minimize  these 
types  of  human  errors,  the  U.  S.  Coast  Guard  re¬ 
cently  redesigned  the  device.  In  their  version,  the 
cylinder  is  an  integral  part  of  the  survival  vest  with 
long,  flexible  tubing  and  a  mouth-piece  attached. 
Only  the  mouth-piece  need  be  located,  retrieved 
and  brought  to  the  mouth  for  use. 

Parenthetically,  the  institution  of  HEELS  may 
also  have  contributed  to  the  improvement  seen  in 
passenger  survival.  However,  there  are  instifllcient 
data  on  the  actual  use  of  HEELS  in  class  A  flight 
mishaps  over  water  to  make  any  definite  state¬ 
ments. 

5  CONCLUSIONS 

Although  there  has  been  no  significant  increase  in 
combined  Navy/Marine  Corps  over  water 
survivable  Class  A  helicopter  flight  mishap 
survivability  during  the  period  examined,  data 
show  that  there  was  a  statistically  significant 
increase  in  probability  of  survival  for  PI  to  P2  to 
P3  for  Navy  aircrew  in  night  survivable  crashes 
over  water.  This  suggests  that  the  9-D-5  device 
and  HEEDS  both  may  have  had  positive  effects  on 
the  probability  of  survival  of  this  subgroup.  The 
environment  in  which  these  mishaps  occur 
continues  to  evolve.  As  more  and  more  operations 
are  conducted  at  night,  the  risk  of  fatality  in  an 
otherwise  survivable  impact  becomes  greater.  The 
institution  of  9-D-5  training  as  part  of  the  Water 
Survival  Training  Program  (WSTP)  may  have 
contributed  to  the  relatively  stable  combined 
Navy/Marine  Corps  aircrew  survival  during  the 
period  examined.  The  9-D-5  training  closely 
simulates  the  post- water  impact  enviromnent  and 
aircrew  members  learn  the  skills  required  for 
survival.  The  benefits  of  such  training  far 
outweigh  the  risks.  The  WSTP  should  become 


part  of  the  required  training  for  Marine  Corps  per¬ 
sonnel  involved  in  regular  over  water  evolutions. 

Because  aircrew  with  HEEDS  have  more  time  to 
help  passengers  escape,  the  HEEDS  may  have 
been  partially  responsible  for  the  apparent  increase 
in  percent  survival  for  Navy/Marine  Corps  night 
passenger  survival  seen  from  P2  to  P3.  Most  of 
the  problems  reported  with  using  this  device  seem 
easily  correctable  and  training  in  HEEDS  use 
should  be  extended  to  special  categories  of  passen¬ 
gers  that  are  at  very  high  risk,  e.  g.  Marine  Corps 
groimd  troops  transported  by  helicopters  during 
amphibioris  operations. 

There  are  insufficient  HEELS  data,  but  interviews 
with  survivors  continue  to  emphasize  the  visual 
difficulties  encountered  during  water  egress, 
especially  at  night.  It  seems  most  likely  emergency 
lighting  will  help. 
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Table  I  -  Survival  Data  by  Study  Group* 


Navy  Aircrow  Day 

68/72 

(90%) 

93/100 

(93%) 

46/53 

(87%) 

Navy  Airersw  Night  ■ 

31/39 

!  (79%) 

52/81 

(85%) 

1  31/33 

(94%) 

Marina  Aireraw  Day 

24/26 

(92%) 

6/9 

(67%) 

0/0 

— 

Marina  Aireraw  Night 

3/3 

!  (100%) 

4/11 

(38%) 

j  6/11 

(55%) 

Navy/Marina  Aircrew  Day 

89/98 

(91%) 

99/109 

(91%) 

46/53 

(87%) 

Navy/Marine  Aireraw  Night 

34/42 

1  (81%) 

56/72 

(78%) 

j  37/44 

(84%) 

Navy  Pasaangar  Day 

10/10 

(100%) 

19/20 

(96%) 

22/25 

(88%) 

Navy  Pasaangar  Night 

<V1 

1  (0%) 

0/0 

— 

{  0/0 

— 

Marina  Pasaangar  Day 

10/10 

(100%) 

12/18 

(67%) 

0/0 

— 

Marina  Pasaangar  Night 

0/0 

( 

3/18 

(19%) 

i  8/19 

J,--  _ 

(42%) 

Navy/Marina  Pasaangar  Day 

20/20 

(100%) 

31/38 

(82%) 

22/25 

(88%) 

Navy/Marina  Pasaangar  Night 

<V1 

;  (o%) 

3/16 

(19%) 

!  8/19 

(42%) 

*  Incluttos  only  ovor  water  survivable  Class  A  Flight  Mishaps. 


Table  II  -  94>eihiiiier(CY1991)* 


*  1B,000stiidsiitBtrainadX4nma^svolution 
■60,000 avohitiowaWavv/Mai'Ina  Corps  wida. 


PROBLEM 

No. 

% 

Ratapir 

100400 

Minor  Trauma 

7 

41.2 

11.7 

Wfator  Aspiration 

5 

29.4 

8.3 

Muscio  ''Strain” 

2 

11.8 

3.3 

Hoailache 

1 

8.9 

1.7 

Ear  Probtom 

1 

8.9 

1.7 

Lacoration 

1 

8.9 

1.7 

TOTAL 

17 

100 

28.3 

Table  III -HEEDS 


PROBLEM 

No. 

% 

Noeded,  not  used 

4 

19.0 

Rogulator  broken,  so 
didn't  have 

1 

4.8 

Oonning/Removed 

5 

23.8 

Improper  procedures  in 
use 

2 

9.8 

Dislodged  from  vest, 

used 

1 

4.8 

Caused  minor  injury 

2 

9.8 

Needed,  not  available 

8 

23.8 

Dislodged  from  vest,  lost 

1 

4.8 

TOTAL 

21 

100 
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SUMMARY 

The  U.S.  Army  UH-60A,  Black  Hawk,  helicopter  is  the  first 
helicopter  designed  and  built  to  modem  crashworthiness 
standtuds.  During  the  design  of  the  Black  Hawk,  all  common 
injury  mechanisms  were  considered,  and  significant  attempts 
were  made  to  eliminate  foreseeable  injury  hazards.  Most 
important,  the  aircraft  was  designed  to  withstand  an  11.6  rn/s 
(38  ft/s)  vertical  impact  without  acceleration  injury  to  the 
occupants  or  collapse  of  structure  or  high  mass  items  into 
occupied  space.  C^w  and  passengers  were  provided  energy 
attenuating  seats  and  state-of-the-art  restraint  systems.  Head 
strike  zones  were  considered  and  potentially  injurious  objects 
excluded  from  these  zones.  Addinonally,  the  helicopter  was 
equipped  with  an  advanced  crash  resistant  fuel  system. 

First  fielded  in  1979,  the  Black  Hawk  now  has  accumulated 
over  1 . 1  million  hours  of  flight  time.  Over  the  1 1  -year  period 
from  1  October  1979  to  30  September  1990,  there  have  been 
75  class  A  and  B  mishaps  of  the  UH-60  resulting  in  84 
fatalities  and  121  personnel  injured.  Systematic  analysis  of 
these  crashes  has  accumulated  adequate  data  to  assess  the 
effectiveness  of  the  crashworthiness  features  of  the  Black 
Hawk.  The  Black  Hawk  has  proven  itself  to  be  highly  crash 
survivable  even  in  impacts  up  to  18.3  m/s  (60  ft/s)  vertical 
velocity.  Most  notable  have  bet  t  its  structural  integrity,  tie¬ 
down  strength  of  seats  and  restraint  systems,  effectiveness  of 
energy  absorbing  seats  and  landing  gear,  effectiveness  of  the 
crash  resistant  fuel  system,  and  retention  of  high  mass  items. 
Midgadng  against  this  has  been  a  higher  than  predicted 
accident  rate,  a  markedly  increased  vertical  velocity  at  impact 
compared  to  most  other  helicopters  in  use  by  the  U.S.  Army, 
and  a  tendency  for  the  roof  to  collapse  in  high  vertical 
velocity  crashes. 

INTRODUCTION 

In  the  design  of  a  crashworthy  vehicle,  the  primary  objective 
is  to  control  energy  dissipation  during  a  crash  in  such  a 
manner  as  to  prevent  injury  to  occupants,  irreparable  damage 
to  the  vehicle,  or  a  combination  of  both.  From  the  perspective 
of  injury  prevention,  there  are  five  basic  considerations:  (1) 
Maintain  a  protective  shell  around  all  occupants  throughout 
the  crash  sequence,  (2)  adequately  restrain  occupants  so  as  to 
prevent  injurious  contacts  with  internal  or  intruding  external 
objects,  (3)  limit  the  acceleration  forces  experienced  by 
occupants  to  noninjurious  levels,  (4)  provide  an  internal 
environment  free  of  potentially  injurious  objects  within  the 
"strike  zone"  of  occupanu,  and  (5)  control  hazards  that  may 
prevent  escape  from  the  vehicle  after  the  crash.  The  primary 
considerations  in  facilitating  escape  are  to  provide  adequate 
numbers  of  exits,  to  ensure  that  those  exits  will  function  after 
a  survivable  crash,  and  to  prevent  postciash  ftre. 

Experience  from  aircraft  crashes  has  shown  that  not  ail  these 
considerations  are  of  equal  importance  for  personal  survival 
[2,10,11,13,17,18],  Hoover,  all  the  factors  are  interrelated 
and  consideration  must  be  given  each  to  optimize  crash 
survivability.  For  example,  in  helicopter  crashes,  the  most 
critical  consideration  in  preventing  serious  injury  is  to 
eliminate  post-crash  fires.  This  contention  is  supported  by  the 
fact  that  prior  to  the  introd’iction  of  crashworthy  fuel  systems 


(CWFS)  into  U.S.  Army  helicopters,  approximately  40  percent 
of  fatalities  in  survivable  crashes  were  due  to  thermal  injury 
[8].  Since  the  introduction  of  CWFS,  there  has  only  been  one 
documented  death  due  to  theimal  injuries  in  a  survivable  crash 
of  a  CWFS  equipped  Army  helicopter.  Clearly,  this  single 
improvement  has  made  a  substantial  difference  in  morbidity 
and  mentality  in  crashes  of  Army  helicopters.  Nevertheless, 
the  beneficial  effects  of  a  CWFS  would  be  severely  mitigated 
if  occupants  were  fatally  injured  by  collapsing  structure  or  by 
failure  of  seats  or  restraint  systems  in  potentially  survivable 
crashes. 

Understanding  the  interrelationship  of  the  five  basic  crashwor¬ 
thiness  factors  is  vital  to  aircraft  system  design  since  weight 
and  economic  factors  frequently  limit  the  degree  of  crash 
survivability  that  developers  are  willing  to  incorporate  into  an 
aircraft  [9,10,181.  Certainly,  crash  survivability  is  not  the 
most  important  consideration  in  the  design  of  an  aircraft,  and 
weight  and  cost  do  limit  the  degree  of  crashworthiness  that 
can  be  practically  incorporated  into  a  design.  Nevertheless, 
when  tradeoffs  are  made,  it  is  imperative  that  developers 
understand  the  consequences  of  proposed  cotnpromises  and 
ensure  that  all  pertinent  factors  are  weighed  (cost,  weight, 
performance,  and  safety)  in  these  decisions. 

The  UH-60  Black  Hawk  was  the  first  helicopter  designed  with 
crashworthiness  as  one  the  primary  design  objectives.  It  was 
introduced  into  the  U.S  Army  fleet  in  1979  and  has  been 
extremely  successful  both  in  terms  of  operational  capability 
and  crashworthiness  in  training  and  in  hostile  environments 
[16,171.  The  success  of  this  helicopter  has  proven  that  safety 
and  performance  are,  in  fact,  compatible  design  objectives. 
Although  crashworthiness  has  a  significant  cost  in  terms  of 
weight  and  dollars,  these  costs  are  counterbalanced  by  a 
reduced  injury  rate  and  an  increased  threshold  for  damage  to 
the  aircraft.  Over  the  life-cycle  of  the  aircraft,  these  savings 
can  be  substantial  [9,18]. 

This  paper  reviews  the  crash  history  of  the  Black  Hawk, 
cofKentrating  on  the  efiectiveness  of  the  various  crashwor¬ 
thiness  features  incorporated  into  the  design.  Since  the  Black 
Hawk  is  the  first  helicopter  designed  to  crashworthiness 
standards,  it  is  useful  to  assess  its  performance  to  ascertain  the 
adequacy  of  its  various  crashworthiness  features  in  the  opera¬ 
tional  environmenL  Such  an  assessment  can  lead  to  improved 
standards  for  future  aircraft,  recommendations  for  a  retrofit 
program  to  enhance  the  crash  performance  of  fielded  aircraft, 
and  recommendations  for  additional  research  to  advance 
knowledge  in  crash  protection. 

BLACK  HAWK  DESIGN 

The  concept  of  building  a  crashworthy  helicopter  for  the  U.S. 
Army  was  borne  out  of  experience  gained  in  combat  in 
Southeast  Asia  [IS].  The  helicopter  had  established  itself  in 
Army  condrat  doctrine  and  many  senior  Army  leaders  had 
observed  that  lives  were  being  lost  in  crashes  when  the 
technology  existed  to  prevent  many  of  diese  injuries.  As  a 
result,  the  Eustis  Directorate  of  the  U.S.  Army  Air  Mobility 
Research  and  Development  Laboratory  commissioned  the 
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Aviation  Crash  Injury  Research  Group  of  the  Right  Safety 
Foundation  to  define  the  Army  crash  environment  and  develop 
concepts  and  design  criteria  to  improve  crash  survivability. 
The  culmination  of  this  effort  was  "The  Crash  Survival  Design 
Guide"  (CSDG),  now  in  its  fourth  edition,  which  has  subse¬ 
quently  served  as  the  basis  of  all  Army  crashworthiness 
standards  [7]. 

The  Black  Hawk  is  a  twin-engine  utility  helicopter  designed 
primarily  for  transporting  troops  and  supplies.  It  has  a  single 
four-biaded,  fully-articulated  main  rotor  system  and  a  canted 
tail  rotor.  It  utilizes  two  main  landing  gears  and  a  single  tail 
gear.  Initially,  it  was  designed  to  carry  a  crew  of  3  with  seats 
for  1 1  troops.  Mote  recently,  it  has  been  utilized  to  cany  up 
to  22  troops  without  seating. 

From  the  outset,  the  CSDG  was  used  as  a  design  guide  for  the 
development  of  the  helicopter  that  was  later  designated  the 
UH-60A  Black  Hawk.  The  primary  crashworthiness  design 
features  included  the  following  [3]: 

1.  Maintenance  of  the  protective  shell  through  a  cabin 
superstructure  designed  to  retain  the  engines  and  trans¬ 
mission  under  high  load  factors.  Also,  keel  beams  and 
a  rounded  nose  were  designed  to  prevent  sudden  longitu¬ 
dinal  decelerations  from  plowing. 

2.  Seating  artd  restraint  systems  designed  to  be 
retained  under  severe  but  survivable  loads. 


3.  Energy  attenuating  landing  gear  and  seating 
systems  to  maintain  loads  within  survivable  limits  for 
impacts  with  vertical  velocities  up  to  11.6  m/s  (38  ft/s). 

4.  Provision  of  a  noninj'itious  interior  from  upper 
body  and  extremity  flailing. 

5.  Provision  of  a  crashworthy  fuel  system  with  self¬ 
sealing  fuel  cells  and  frangible,  self-sealing  fuel  and  vent 
lines. 

6.  Provision  of  adequate  emergency  escape  capability. 

For  details  of  these  design  features,  the  reader  is  referred  to  a 
paper  by  Camell  [3].  Table  I  sumnuirizes  selected  design 
criteria  for  the  Black  Hawk  that  are  pertinent  to  its  crash 
survivability.  It  is  important  to  understand  that  these  criteria 
were  adapt^  ftom  the  CSDG  (TR  71-22)  and  were  based  on 
a  study  of  selected  U.S.  Army  light  fixed-wing  and  helicopter 
crashes  occurring  in  the  early  to  mid-1960s.  The  overriding 
philosophy  used  to  select  these  values  was  to  prevent  serious 
injury  in  crashes  up  to  the  9Sth  percentile  potentially  surviv¬ 
able  crash.  This  is  certainly  a  reasonable  approach  to  estab¬ 
lishing  crashworthiness  design  criteria,  but  to  be  successful,  it 
is  (kpendent  on  one  major  assumption-that  the  crash  kinemat¬ 
ics  of  past  aircraft  designs  accurately  predict  the  crash 
kinematics  of  future  aircraft  designs.  In  the  absence  of  any 
other  predictive  criteria,  this  is  the  only  reasonable  approach. 
How  effective  these  criteria  and  concepts  have  been  in  the 
Black  Hawk  crash  environment  will  be  discussed. 


Table  I.  UH-60A  Key  design  requirements. 


Structural  integrity 

General: 

TR  71-22  as  a  guide 

MR  blade  strike: 

8-in  diameter  object  at  outer  32%  span  without  hazardous  rotor  or  transmission 
displacement. 

LongKudinal 

impact: 

20  fps  into  barrier  with  livable  cockpit  volume,  40  fps  into  barrier  with  85%  cabin  length 
retained,  and  60  kt  and  15“  nose  down  with  85%  volume  retained. 

Vertical  impact: 

38  fps  with  85%  cabin  volume  retained. 

Lateral  impact: 

30  fps  with  85%  cabin  volume  retained. 

Roll  over: 

4  G  longitudinal,  4  G  vertical,  and  2  G  lateral. 

Mass  item 
retention: 

20  G  longitudinal,  20  G  vertical,  and  18  G  lateral. 

1  Energy  absorption  | 

Landing  gear: 

15  fps  with  gear  damage  only,  30  fps,  10°  pitch  and  roll  with  gear  and  airframe  damage. 

1  Crew  seats: 

1 2-in  vertical  stroke,  per  MIL-S-58095. 

1  Troop  seats: 

1 1-in  vertical  stroke,  retained  for  18  G  longitudinal  and  24  G  lateral. 

Postcrash  [ 

1  Fuel  tanks: 

Crashworthy  per  MIL-T-27422  with  frangible  attachments.  | 

j  Fuel  lines: 

Self-sealing,  tear  resistant  with  breakaway  valves  and  fittings. 

Emergency  egress: 

Within  5  seconds  through  doors,  within  30  seconds  through  windows  with  aircraft  on  side. 
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BLACK  HAWK  CRASH  STATISTICS 
Since  the  Black  Hawk  was  fielded  in  1979  through  September 
1990  there  have  been  75  class  A  and  B  mishaps'.  Of  these, 
48  involved  a  ground  or  water  impact  and  had  sufficient  data 
available  to  be  considered  in  this  review.  Nonground  impact 
mishaps  included  various  in-flight  emergencies  that  severely 
damaged  the  aircraft  but  did  not  result  in  a  crash,  repelling 
accidents  and  ground  mishaps  such  as  fueling  fires  and 
collisions  with  other  aircraft.  There  were  a  total  of  271 
individuals  involved  in  ground  impact  mishaps,  of  which  84 
suffered  fatal  injuries,  93  disabling  injuries,  and  28  nondis¬ 
abling  injuries.  The  U.S.  Army  defines  a  disabling  injury  as 
any  nonfatal  injury  or  combination  of  injuries  that  results  in 
lost  workdays  for  the  individual.  A  nondisabling  injury  is  any 
injury  or  combination  of  injuries  that  does  not  result  in  a  lost 
workday.  Table  11  provides  comparison  figures  for  UH-1 
ground  impact  accidents  over  the  same  11-year  period. 


Table  II.  Comparison  of  selected  parameters  in  UH-60 
and  UH-1  ground  impact  mishaps. 


Parameter 

UH-60 

UH-1 

Number  of  Class  A 

40 

142 

Class  B 

8 

30 

Total 

48 

172 

Mishap  type:  Survivable 

32 

148 

Nonsun/ivable 

16 

24 

Total 

48 

172 

Occupant  Fatal 

84 

116 

injury;  ... 

Disabling 

93 

294 

Nondisabling 

28 

102 

None 

66 

263 

;  Missing 

0 

1 

Total 

271 

776 

Mean  velocity  -  Vertical 

44.2 

17.7 

at  impact; 

Longitudinal 

46.4 

31.6 

Figure  1  shows  combined  class  A  and  B  mishap  rates  for  the 
two  helicopters  over  the  same  period.  Figure  2  shows  a 
similar  comparison  for  ground  impact  mishaps  only.  Note  the 
comparatively  high  mishap  rate  for  the  UH-M  during  its  early 
years  in  service  and  how  this  rate  has  shown  a  progressive 
decline  since  1985.  Over  the  same  period,  the  UH-1  rate  also 
has  decreased,  but  at  a  significantly  lower  rate.  This  initially 
high  rate  followed  by  a  progressive  decline  is  .ypical  of  newly 
fielcfed  systems,  particularly  when  the  new  system  icpresents 
a  significant  increase  in  complexity  over  the  system  it 
replaces.  A  large  prt^roition  of  the  early  mishap  rate  can  be 
attributed  to  the  "learning  curve"  associated  with  developing 
new  doctrine  to  exploit  the  full  capabilities  of  the  system  and 


'The  U.S.  Army  defines  a  class  A  mishap  as  a  mishap  for 
which  the  resulting  total  cost  of  property  damage,  occupational 
illness,  or  injury  is  $1  million  or  greater,  or  in  which  an  injury 
results  in  a  fatality  or  permanent  total  disability.  A  class  B 
mishap  is  one  for  which  the  total  cost  is  greater  than  $500,000 
but  less  than  $1  million. 


to  difficulties  in  implementing  new  training  and  maintenance 
procedures  as  the  system  was  fielded.  The  marked  increase 
in  crashes  in  1991  was  due  to  the  massive  deployment  to 
Southwest  Asia  during  Operation  Desert  Shield/Storm. 

INJURY  STATISTICS 

Table  HI  shows  that  the  risk  for  a  major  or  fatal  injury  based 
upon  person-hours  of  exposure  remains  considerably  higher 
for  the  Black  Hawk  than  for  the  UH-1  as  has  been  previously 
reported  [17].  An  individual  with  a  major  injury  is  one  who 
suffered  permanent  total  disability  or  permanent  partial 
disability.  The  relative  risk  for  fatal  injury  as  well  as  for  fatal 
and  major  injury  combined  is  3.8  times  greater  for  the  Black 
Hawk.  This  is  due  to  the  comparatively  high  crash  rate  for 
the  Black  Hawk  as  well  as  to  the  increased  severity  of  UH-60 
crashes. 

Although  one’s  overall  risk  of  injury  is  greater  in  the  UH-60, 
this  type  analysis  is  somewhat  irrelevant  in  ascertaining  the 
efficacy  of  crashworthiness  design  standards.  To  compare 
levels  of  crashworthiness,  one  should  ask,  "For  a  given  impact 
velocity  change,  which  airframe  provides  a  higher  level  of 
occupant  protection?”  When  viewed  from  this  perspective,  it 
becomes  evident  that  the  UH-60  provides  a  substantial 
increase  in  crash  protection  over  conventionally  designed 
helicopters,  of  which  the  UH-1  is  an  example. 

The  most  important  factor  relating  to  the  crash  performance  of 
the  Black  Hawk  is  its  propensity  to  crash  at  extremely  high 
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Figure  1 .  UH-60  and  UH-1  class  A  and  B  mishap  rates 
per  100,000  hours  flight  time  for  FY  80  -  91 . 


Figure  2.  UH-60  and  UH-1  class  A  and  B  ground  im¬ 
pact  mishap  rates  per  100,000  hours  flight 
time  for  FY  80  -  91 . 
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Table  III.  Comparison  of  fatal  and  fatal/major  injury 
rates  for  the  UH-1  and  UH-60. 


Psrameter 

UH-1 

UH-60 

Total  flight  hours 

8,411,301 

U67,648 

Number  of  occupants 

776 

282 

Injuries: 

Fatal 

117 

84 

Major 

20 

13 

Fatal  injuries 

Rate  (per  100,00  flight  hours) 

.31 

1.18 

Relative  risk 

1.00 

3.80 

Fatal  and  major  injuries 

Rate  (per  100,00  flight  hours) 

.36 

1.37 

Relative  risk 

1.00 

3.80 

velocities  in  comparison  to  the  UH-1  (Table  II).  This  is 
particularly  pronounced  for  vertical  velocities  where  the  mean 
velocity  at  impact  for  the  UH-60  is  two  and  a  half  times  that 
of  the  UH-1.  Since  injury  in  helicopter  crashes  is  highly 
correlated  with  vertical  velocity  change  [16,17]  and  since 
crashworthiness  design  standards  for  the  UH-60  were  based  on 
the  assumption  that  it  would  have  essentially  the  same  crash 
kinematics  as  earlier  generation  helicopters,  the  overall  injury 
rate  in  Black  Hawk  crashes  appears  disappointingly  high.  If, 
however,  velocity  at  impact  is  considered,  it  is  readily 
apparent  that  the  crashworthiness  features  incorporated  into 
the  Black  Hawk  ate  extremely  effective. 

Figure  3  is  a  plot  of  vertical  velocity  at  impact  versus  cumula¬ 
tive  percent  occurrence  of  survivable  class  A  and  B  mishaps 
for  the  UH-60  and  UH-1.  This  graph  clearly  demonstrates  the 
greater  tolerance  of  the  UH-60  to  high  vertical  velocity 
impacts.  Note  that  over  SO  percent  of  survivable  UH-1 
crashes  occur  at  vertical  velocities  of  less  than  3.0  m/s  (10 
ft/s),  whereas  only  15  percent  of  UH-60  crashes  occur  at  less 
than  3.0  m/s  (10  ft/s).  Additionally,  the  9Sth  percentile 
survivable  vertical  velocity  for  the  UH-60  is  15.2  m/s  (50  ft/s) 
versus  10.7  tn/s  (35  ft/s)  for  the  UH-1.  In  other  words, 
crashes  of  the  Black  Hawk  are  classified  as  survivable  up  to 
vertical  velocities  of  15.2  m/s  (50  ft/s)  compared  to  10.7  tn/s 
(35  ft/s)  for  the  UH-1.  The  increase  in  kinetic  energy  for 
impacts  of  10.7  tn/s  (35  ft/s)  versus  15.2  m/s  (50  ft/s)  is  over 
100  percent. 

Since  survivability  of  a  crash  is  determined  independently  of 
injuries  sustained  in  the  crash,  it  is  jseful  to  compare  injury 
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Figure  3.  Plot  of  vertical  velocity  at  major  impact  versus 
percentile  occurrence  for  an  ground  impact 
crashes  of  the  UH-1  and  UH-60. 


rates  for  different  crash  severities  determined  by  vertical 
velocity  at  impact.  Figure  4  is  a  cumulative  frequency  plot 
depicting  the  total  probability  of  sustaining  a  fatal  injury  over 
1.5  m/s  (5  ft/s)  vertical  impact  velocity  increments  fc«-  the 
UH-1  and  UH-60.  Probability  of  death  was  determined  by 
counting  all  deaths  that  occurred  in  each  increment  and  di¬ 
viding  by  total  occupants  exposed  to  crashes  with  vertical 
velocities  within  the  incremenL  Interestingly,  both  helicopters 
clearly  demonstrate  a  threshold  velocity  at  which  1(X)  percent 
of  occupants  receive  fatal  injuries.  This  occurs  at  approxi¬ 
mately  12.5-13.7  m/s  (41-45  ft/s)  for  the  UH-1  and  18.6-21.3 
vn/s  (61-70  ft/s)  for  the  UH-60.  The  threshold  for  the  UH-1 
can  be  more  accurately  determined  due  to  the  greater  number 
of  UH-1  accidents.  This  depiction  vividly  illustrates  the 
difference  in  crashworthiness  levels  between  the  two  helicop¬ 
ters.  The  UH-60  is  able  to  provide  survivability  at  impact 
energies  over  two  times  that  of  a  conventionally  designed 
helicopter.  When  other  levels  of  injury  are  compared,  the 
exceptional  crashworthiness  of  the  Black  Hawk  is  similarly 
demonstrated. 


Figure  4.  Cumulative  frequency  plot  depicting  the  in¬ 
creasing  probability  of  sustaining  a  fatal  injury 
as  vertical  impact  velocity  increases  for  both 
the  UH-60  and  UH-1. 

Table  IV  summarizes  an  analysis  performed  to  determine 
whether  there  are  significant  differences  in  the  distribution  of 
major  and  fatal  injuries  between  the  Black  Hawk  and  UH-1  in 
survivable  crashes.  This  was  done  to  assess  whether  the 
crashwonhiness  features  incorporated  into  the  UH-60  altered 


Table  IV.  Percent  of  occupants  in  survivable  ground 
impact  mishaps  receiving  one  or  more  major 
or  fatal  injuries  to  specified  body  region. 


All  occupants 

Cockpit  crew  | 

Body  region 

UH-t 

UIF60 

UH-1 

UH-60 

General 

0.3 

1.5 

07 

4.7 

Head 

6.3 

152* 

8.5 

17.2 

Neck  (soft  tissue) 

1.7 

0* 

2.0 

0* 

C-Spine 

0.8 

2.0 

1.0 

1.6 

Chest 

4.0 

142* 

3.4 

14.1* 

Vertebral 

5.4 

6.6 

8.1 

15.6 

Abdomen 

1.9 

5.1 

3.1 

7.8 

Arm 

3.6 

7.6 

4.1 

4.7 

Leg 

4.9 

122 

5.4 

9.4 

*  Significant  difference  at  p^O.OS  confidence  level 


the  distribution  of  injuries.  For  instance,  it  would  be  reason¬ 
able  to  speculate  that  the  energy  attenuating  seats  and  landing 
gear  should  reduce  the  relative  rate  of  spinal  injury  in  the  UH- 
60  compared  to  the  UH-1.  For  this  analysis,  each  occupant 
was  assessed  for  major  and  fatal  injuries  and  the  location  of 
his  injuries.  If  he  received  one  or  more  major  or  fatal  injuries 
to  a  particular  body  region,  he  was  assessed  as  having  a  single 
significant  injury  to  that  region,  irrespective  of  the  number  of 
injuries  in  that  region  he  actually  sustained.  There  were 
significant  differences  m  the  distribution  for  head,  neck  and 
chest  injuries  between  the  two  helicopters.  Surprisingly,  the 
rate  of  head  and  chest  injuries  was  higher  in  the  UH-60,  and 
there  was  no  reduction  in  spinal  injury.  The  increased  head 
injury  rate  in  the  lJH-60  is  probably  related  to  the  tendency 
for  roof  collapse  in  high  vertical  velocity  crashes.  The  failure 
to  see  a  reduction  in  spinal  injury  in  Che  Black  Hawk  is 
probably  because  of  the  frequency  of  impacts  that  exceeded  its 
design  limits.  The  markedly  increased  chest  injury  rate  has 
not  been  explained  and  will  require  more  detailed  study. 

In  summary,  the  crashworthiness  design  of  the  UH-60  has 
clearly  proven  its  capability  of  preventing  injury  and  death  for 
impacts  greatly  exceeding  its  design  limits.  Unfortunately, 
this  tremendous  success  has  been  somewhat  overshadowed  by 
its  high  mishap  rate  and  its  propensity  to  crash  at  velocities 
well  beyond  its  design  capability.  In  recent  years,  there  has 
been  a  trertd  toward  a  lower  mishap  rate  iuid  also  toward 
lower  velocity  impacts.  If  this  continues,  the  overall  injury 
rate  for  the  Black  Hawk  should  show  some  improvement  in 
the  next  few  years.  Nevertheless,  the  crash  history  of  the 
Black  Hawk  teaches  an  important  lesson  for  the  cormnunity 
engaged  in  crashworthiness  design  and  aircraft  development 
To  achieve  an  appropriate  level  of  crashworthiness  for  a  given 
system,  it  is  essential  to  be  able  to  accurately  predict  the  crash 
environment  of  that  aircraft  while  it  is  still  under  design. 
Overestimation  leads  to  excessive  costs  and  weight  and 
underestimation  leads  to  higher  than  anticipated  injury  rates. 
A  major  emphasis  of  future  crashworthiness  research  should 
be  to  focus  on  this  problem  and  to  devek^  kinematic  models 
that  can  predict  crash  velocities  based  on  defined  aerodynamic 
design  parameters. 

CRASHWORTHINESS  PERFORMANCE 
Irrespective  of  statistical  analyses  of  injury  in  the  Black  Hawk, 
it  is  useful  to  take  a  more  qualitative  approach  to  examine 
how  the  various  crashworthiness  features  incorporated  in  the 
Black  Hawk  have  performed  under  crash  conditions.  The 
following  is  a  perspective  of  these  features  based  upon 
personal  experience  in  investigating  over  25  Black  Hawk 
crashes  over  the  past  1 1  years  combined  with  a  record  review 
of  the  remainder  of  the  crashes. 

Fuel  System 

There  has  not  been  a  single  fatality  due  to  thermal  injury  in 
crashes  of  tiie  Black  Hawk.  The  system  has  perforined 
exceedingly  well  under  crash  conditions  well  in  excess  of 
structural  design  limits  including  several  crashes  with  vertical 
velocities  exceeding  18.3  nVs  (60  ft/s).  In  several  cases,  the 
fuselage  has  raptured  allowing  the  fiiel  cells  to  separate  from 
the  aircraft  without  significant  spillage  (Figure  5).  In  one 
case,  a  Black  Hawk  impacted  the  ground  with  a  vertical 
velocity  of  12.2  m/s  (40  ft/s)  and  a  longitudinal  velocity  of 
23.8  nVs  (78  ft/s).  The  helicopter  broke  apart  and  a  slowly 
spreading  fire  ensued  from  a  leiddng  fuel  line.  In  spite  of  the 
rescuen  were  able  to  extract  all  six  occupants  without 
any  occupants  receiving  thermal  injuries.  Considering  the 
structural  damage  to  the  ahcraft,  this  could  not  be  considered 
a  failure  of  the  (TWFS.  Under  these  circumstances  the  CWFS 


is  designed  to  prevent  a  sudden  and  overwhelming  fire,  thus 
allowing  survivors  sufficient  time  to  escape  before  occupied 
areas  are  engulfed  in  flames. 


Figure  5.  Crash  of  a  MEDEVAC  equipped  UH-60  occur¬ 
ring  at  15.8  m/s  (52  ft/s)  vertical  velocity  and 
3.7  m/s  (12  ft/s)  longitudinal  velocity.  Roof 
completely  sheared  oft  and  is  lying  beside 
fuselage.  Note  the  stretcher  to  the  left  of  the 
photograph  and  an  exposed,  but  fully  intact 
fuel  cell  in  the  foreground. 


Figure  6.  Black  Hawk  crashed  with  vertical  velodty  of 
18.3  m/s  (60  ft/s)  and  longitudinal  velocity  of 
4.6  m/s  (15  ft/s).  Note  almost  complete  roof 
collapse.  Three  of  four  occupants  survived. 

Structure 

Basic  structural  crashworthiness  of  the  Black  Hawk  has 
proven  itself  by  exceeding  its  design  limits  in  numerous 
crashes  (15,16,17).  High  mass  item  retention  has  been 
remarkable.  Of  particular  note,  there  has  never  been  an 
intrusion  of  the  rotor  system  into  occupied  spaces.  Likewise, 
in  survivable  crashes,  neither  the  engines  nor  die  transmission 
have  ever  dislodged  and  intruded  into  occupiable  spaces. 

One  persistent  problem  has  been  identified.  The  roof  of  the 
BlKk  Hawk  begins  to  collapse  in  crashes  where  the  vertical 
velocity  at  impact  exceeds  12.2  m/s  (40  ft/s).  In  infracts 
exceeding  ^tproximately  13.7  m/s  (45  ft/s),  the  rotrf  complete¬ 
ly  separates  aft  of  the  pilot  stations  and  collapses  into  the 
cabin  creating  a  hazard  for  pilots  as  well  as  passengers  (Rgure 
6).  Although  roof  collapse  occurs  at  velocities  beyond  design 
tintits,  it  constimsEs  tiie  most  serious  injury  hazari  for  occu¬ 
pants  in  crashes  witii  vertical  impact  velocities  between  13.7 
n^s  (45  ft/s)  and  18.3  m/s  (60  ft/s).  If  roof  collapse  could  be 
prevented,  upright  cra^s  of  the  Black  Hawk  would  be 
survivable  up  to  approximately  16.8  nVs  (55  ft/s). 


The  mechanism  of  roof  collapse  appears  to  be  related  to  the 
attachment  of  the  upper  ponion  of  the  main  landing  gear  strut 
to  the  outer  longitudinal  beams  in  the  roof  (Figure  7).  It 
appears  that  forces  are  concentrated  at  this  attachment  point 
causing  the  beams  to  fracture  after  the  energy  attenuating  gear 
has  fully  stroked  and  fuselage-ground  contact  has  occurred. 
A  similar  problem  has  been  noted  in  the  AH-64  Apache  attack 
helicopter  at  the  attachment  point  of  the  main  gear  to  the 
longitudinal  floor  beams.  These  observations  suggest  that 
consideration  should  be  given  to  using  frangible  fittings  at 
these  attachment  points  or  using  other  means  of  attaching 
energy  attenuating  landing  gear  to  main  structure  in  future 
aircraft  designs. 


Figure  7.  Photograph  shows  how  upper  mounting  of 
main  gear  strut  has  separated  main  roof 
longitudnai  beam  allowing  roof  to  collapse. 
Crash  occurred  at  an  estimated  vertical  veloc¬ 
ity  of  10.7  m/s  (35  ft/s). 

As  a  point  of  interest,  it  should  be  noted  the  stretcher  carousel 
mounted  in  the  cabin  of  UH-bOs  equipped  for  medical  evacua¬ 
tion  acts  as  a  major  support  to  the  roof  and  prevents  collapse 
into  the  cabin.  In  the  only  severe  crash  of  a  MEDEVAC 
UH-60  (Figure  5),  the  roof  completely  sheared  off  of  the 
fuselage  and  came  to  rest  beside  the  main  wreckage.  The 
carousel  prevented  the  roof  from  collapsing  into  occupied 
spaces  and  both  rear  seated  occupants  survived  with  only 
minor  injuries  although  the  vertical  velocity  at  impact  was 
approximately  15.2  m/s  (30  ft/s)  and  the  longitudinal  velocity 
was  6. 1  m/s  (20  ft/s). 

MAIN  LANDING  GEAR 

The  concept  of  a  rugged,  fixed,  energy  attenuating  landing 
gear  has  proven  itself  in  crashes  and  hard  landings  in  the  UH- 
60.  As  Figure  3  illustrates,  less  than  30  percent  of  Black 
Hawk  crashes  occur  at  impact  vertical  velocities  of  less  than 
6. 1  m/s  (20  ft/s).  A  close  inspection  of  those  that  do,  reveals 
that  they  all  occurred  with  significant  pitch  or  toll  or  high 
rates  of  yaw  beyond  the  design  limits  of  the  main  gear.  The 
gear  is  capable  of  preventing  damage  to  the  helicopter  for 
landings  up  to  6. 1-7.6  nVs  (20-25  ft/s)  provided  the  impact 
occurs  on  a  hard  surfKe  with  minimal  pitch  or  toll.  It  is 
impossible  to  estimate  the  nuirrtter  of  crashes  that  have  been 
Invented  by  the  gear,  but  anecdotal  information  from 
instructor  pilots  suggests  that  hard  landings  are  not  an 
unaxnmon  occurrence  in  the  training  environment 

In  addition,  the  main  gear  plays  a  signifkant  lole  in  the  total 


energy  management  scheme  for  near  vertical  impacts  of  the 
Black  Hawk.  They  provide  approximately  23  inches  of  stroke 
at  a  9G  average  acceleration  before  fuselage-ground  impact 
13].  The  capability  of  the  gear  undoubtedly  plays  a  major  role 
in  the  excellent  crash  survivability  of  upright  crashes  of  the 
UH-60  at  extremely  high  sink  rates. 

Crew  Seals 

The  Black  Hawk  has  been  equipped  with  two  different  types 
of  energy  attenuating,  armored  crew  seats.  The  original  seat 
was  a  uniaxial  stroking  scat  equipped  with  two  inverted  tube 
energy  attenuators  [3,4].  The  scat  was  designed  to  provide  a 
minimum  of  12  inches  stroke  at  a  load  limit  of  14.5  G.  An 
additional  5  inches  of  stroke  could  be  obtained  depending  on 
the  vertical  adjusunent  of  the  seat  To  achieve  this  stroke 
distance,  a  well  was  provided  beneath  the  seat  into  which  the 
seat  could  stroke  (Figure  8).  The  tie-down  strength  of  the  seat 
was  provided  in  accordance  with  MIL-S-58095  (5).  The 
restraint  system  was  a  5-point  configuration  with  a  rotary 
release  mechanism. 


Figure  8.  Closeup  photograph  of  a  crew  seat  involved 
in  the  crash  shown  in  Figure  5.  Note  how 
seat  stroked  into  the  well  and  the  top  of  the 
seat  is  below  floor  level. 

This  seat  has  provided  superior  performance  in  Black  Hawk 
crashes  up  to  18.3  m/s  (60  ft/s)  vertical  impact  velocity.  The 
seat  has  been  consistently  retained  in  place  in  all  potentially 
survivable  crashes.  In  the  crash  shown  in  Figure  9,  seat 
retention  and  its  energy  attenuating  capability  were  determined 
to  be  the  primary  contributors  to  the  survival  of  both  pilots 
when  most  of  the  surrounding  structure  had  disappeared. 
Several  similar  UH-60  crashes  have  proven  the  importance  of 
providing  seat  retention  capability  in  excess  of  estimated 
human  tolerance  limits. 

An  additional,  although  serendipitous,  feature  of  the  original 
crew  seat  is  illustrated  in  Figure  10.  Note  that  the  seat  was 
designed  to  stroke  downward  along  its  two  parallel  support 
tubes.  The  support  tubes  are  linked  to  the  energy  attenuators 
at  the  top,  forming  a  structure  that  acts  as  a  roll-bar  above  the 
head  of  its  occupant  after  the  seat  strokes.  In  five  crashes  of 
the  Black  Hawk  where  the  roof  completely  collapsed,  this 
structure  was  responsible  for  preventing  major  head  injuries  to 
the  occupants  of  the  seats. 

Approximately  250  aircraft  were  equipped  with  this  seat 
before  it  was  repliuied  with  the  current  seat  in  a  cost-saving 
move.  The  current  seat  is  equipped  with  six  TOR  SHOK™ 
attenuators  that  permit  the  seat  to  stroke  along  three  axes 
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Figure  9.  Closeup  photograph  of  crash  shown  in  Figure 
6.  Note  full  retention  of  crew  seats  although 
little  cockpit  structure  remains. 


Figure  10.  Pilot  seat  from  crash  described  in  Figure  5. 

The  roof  collapsed  onto  the  seat  but  was 
supported  by  the  seat  frame.  The  stroking  of 
the  seat  positioned  the  pilot's  head  well  below 
the  collapsed  roof. 

(Figure  1 1).  Studies  have  shown  that  the  seat  has  a  somewhat 
stiffer  response  in  the  vertical  axis  and  early  indications  are 
that  it  may  have  a  slightly  higher  spinal  injury  rate  for  similar 
severity  crashes  [  12,15).  Its  multiaxis  stroking  capability  al.to 
tends  to  prevent  it  from  stroking  into  the  well  except  in  pure 
vertical  loading  crashes.  In  addition,  its  design  does  not 
provide  for  overhead  protection  from  a  collapsing  roof.  In 
spile  of  these  potential  deficiencies,  this  seat  has  performed 
well  in  the  Black  Hawk  crash  environment. 


Figure  1 1 .  Current  Black  Hawk  crew  said  viewed  from 
the  rear.  Note  the  absence  of  a  frame  capa¬ 
ble  of  supporting  a  collaf»ing  roof. 


With  recent  advances  in  energy  attenuating  seat  technology, 
several  U.S.  Army  agencies  are  advocating  changing  applica¬ 
ble  specifications  to  provide  for  a  new  generation  seat 
restricted  to  a  uniaxial  stroke  and  equipped  with  variable  load 
energy  attenuators  [15).  It  also  could  be  tailored  to  provide 
for  special  requirements  such  as  overhead  protection  or  even 
be  equipped  with  airbags. 

Local  Environment 

Considerable  attention  was  devoted  to  eliminating  potentially 
hazardous  objects  from  the  strike  zone  of  occupants  in  the 
Black  Hawk.  In  general,  there  has  been  little  problem  with 
occupants  receiving  injuries  from  striking  internal  objects. 
However,  there  have  been  a  few  problem  areas.  As  Figure  12 
illustrates,  the  cyclic  and  collective  controls  remain  a  serious 
potential  hazard  particularly  in  the  presence  of  a  stroking  seat. 
To  date  there  have  been  no  severe  injuries  attributed  to  cyclic 
strikes.  However,  one  pilot  lost  several  anterior  teeth  in  one 
crash  and  at  least  five  pilots  have  received  contusions  to  the 
sternum  (Figures  13  and  14).  Although  the  sternal  injuries 
have  been  minor,  this  injury  is  potentially  life  threatening  if 
the  strike  is  severe  enough  to  cause  cardiac  contusion.  The 
Army  is  considering  designs  for  a  frangible  cyclic  to  help 
reduce  this  hazard,  but  it  is  doubtful  such  a  device  will  be 
fielded. 


Figure  12.  Soldier  posing  in  a  crew  seat  that  had  stroked 
approximately  1 4  inches.  Notice  the  proximity 
of  the  cyclic  and  collective  controls. 


Another  recurring  problem  has  been  serious  injuries  arising 
from  blunt  impact  against  seat  armor.  Injuries  have  included 
severe  head  injuries,  rib  fhictuics  and  contusions,  and  closed 
and  open  arm  fractures.  This  is  a  difficult  problem  to  solve 
since  the  risk  from  projectiles  is  far  greater  in  combat  than  the 
risk  of  blunt  injury  from  contact  with  amxrr  in  a  crash.  In 
future  designs  padding  could  be  considered  but,  due  to  techni¬ 
cal  considerations,  is  probably  not  likely  to  provide  a  solution. 
A  nxrre  promising  approach  is  to  equip  Army  helicopters  with 
inflatable  airbag  systems  [1]. 
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Figure  13.  Cyclic  control  removed  from  crash  with  verti¬ 
cal  velocity  of  1 2.2  m/s  (40  ft/s)  and  longitu¬ 
dinal  velocity  of  23.8  m/s  (78  ft/s).  Note  linear 
gouges  caused  by  pilot’s  teeth. 


F  gure  14.  Photograph  of  sternal  abrasion  caused  by 
contact  with  a  cyclic. 


Troop  Seats 

in  the  standard  configuration,  the  Black  Hawk  is  equipped 
with  12  troop  scats.  Each  seat  consists  of  an  aluminum  frame 
with  fabric  seal  and  back.  The  seats  are  roof  and  floor 
mounted  and  are  designed  to  react  to  loads  in  both  the  vertical 
and  longitudinal  directions.  Up  to  11  inches  of  vertical 
stoking  is  provided  by  roof  mounted  wire  be- -ling  energy 
attenuators.  These  attenuators  bend  preformed  vire  through 
an  array  of  fixed  rollers.  Longitudinal  fmces  are  reacted 
through  two  additional  wire  bending  attenuators  mounted  in 
diagonal  stmts  positioned  under  the  seat  frame.  Each  seat  is 


provided  with  a  four-point  restraint  system  consisting  of  lap 
belts  and  dual  shoulder  harnesses  without  inertia  reels.  To 
provide  mobility,  the  two  gunners  wear  a  harness  attached  tc 
the  side-facing  gunner’s  seats  by  three  straps  connected  to 
inertia  reels. 

Black  Hawk  troop  seats  have  been  plagued  by  multiple 
problems  in  the  crash  environment  which  have  been  docu¬ 
mented  in  a  separate  report  to  the  program  manage-  [141. 
There  have  been  failures  of  suspension  and  tie-down  ,;>)mpo- 
nents,  frame  components,  fabric  and  restraint  system  anchor 
points  (Figure  15).  Many  of  these  problems  have  been 
corrected,  but  the  fact  remains  that  the  energy  attenuators  have 
never  performed  as  designed.  None  have  stroked  greater  than 
1  or  2  inches  in  a  crash.  This  Is  partly  because  the  attenuators 
ate  too  stiff,  and  partly  because  the  roof  tends  to  collapse 
before  they  ate  able  to  stroke. 


Figure  15.  Photograph  shows  the  cabin  of  a  Black  Hawk 
that  experienced  roof  collapse  during  an 
upright  crcbii.  The  roof  can  be  seen  at  the 
top  of  the  photograph  and  the  floor  at  the 
bottom.  Note  the  minimal  space  remaining 
between  the  roof  and  floor.  The  troop  seats 
are  completely  collapsed. 

In  spite  of  these  problems,  the  troop  seats  have  been  remark¬ 
ably  effective  in  preventing  injuries.  This  has  been  so  because 
they  are  suspended  ftom  the  roof.  The  collapsing  roof  tends 
to  act  as  a  massive  energy  attenuator  neducii  g  inertial  loads 
experienced  by  occupants  of  the  troop  seats.  Additionally, 
since  the  seats  collapse  with  the  roof,  the  occupants  are  not 
stmek  by  the  roof  until  they  have  come  to  rest  on  the  floor. 
This  accounts  for  the  high  cabin  survivability  rates  in  spite  of 
what  appears  to  be  total  roof  collapse  (Figure  6). 

If  a  decision  is  made  to  "fix"  the  troop  seats,  it  is  vitally 
imptmant  that  the  designers  understand  these  interactions.  For 
example,  if  a  decision  were  made  to  install  floor  mounted 
seats  without  addressing  the  roof  collapse  problem,  survivabil¬ 
ity  rates  would  probably  decrease  because  the  seats  would  not 
collapse  with  the  roof.  Likewise,  if  the  roof  was  strengthened, 
the  energy  attenuators  would  have  to  be  redesigned  and 
various  other  components  would  have  to  be  strengthened  to 
withstand  the  increased  inertial  loads 

CONCLUSIONS 

This  report  is  not  intended  to  be  critical  of  the  Black  Hawk, 
its  manufacturer,  or  its  designers.  There  is  no  question  that 
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ihe  Black  Hawk  is  one  of  the  most  crashworthy  helicopters  in 
the  world.  It  provides  unparalleled  crash  survivability  at 
impact  velocities  well  beyond  its  design  limits.  This  does  not 
mean  that  its  crashworthiness  cannot  be  improved.  Crash- 
worthiness  design  is,  by  its  nature,  a  ttial-and-error  process 
where  innovations  ultimately  have  to  be  tested  and  fine-tuned 
in  fielded  aircraft.  The  crash  experience  of  the  Black  Hawk 
has  shown  that  with  relatively  minor  modifications  to  its 
structure  and  certain  components,  the  Black  Hawk’s  surviv¬ 
ability  envelope  could  be  increased  in  the  vertical  axis  to 
approximately  16.8  m/s  (55  ft/s).  It  is  for  the  user  community 
to  decide  whether  such  modifications  are  necessary  oi  cost- 
effective  [9,10,15]. 

Regardless  of  design  decisions  made  on  the  Black  Hawk  itself, 
this  helicopter  has  provided  the  development  community  a 
wealth  of  information  on  crashworthiness  design  concepts.  It 
has  proven  what  works  and  what  does  not  work,  and  an 
analysis  of  its  successes  and  failures  will  lead  to  new  concepts 
for  future  generation  helicopters. 
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SUMMARY 

The  inertia  reels  utilized  in  U.S.  Amy  helicopters  are  regu¬ 
lated  by  MlL-R-8236.  This  is  a  performance  .specification 
which  requires  the  MA-6  and  MA-8  inertia  reels  to  automati¬ 
cally  lock  when  the  restraint  strap  is  subjected  to  an  accelera¬ 
tion  between  1.5  and  3  G.  A  review  of  U.S.  Amy  Safety 
Center,  Fort  Rucker,  Alabama,  trushap  data  revealed  a  number 
of  critical  and  fatal  injuries  attributed  to  upper  torso  flailing 
that  occur  in  survivable  mishaps.  Some  of  these  injuries  relate 
directly  to  the  inertia  reel  eithr  .•  failing  to  lock  or  not  automat¬ 
ically  locking  soon  enough.  Laboratory  sled  tests  have 
revealed  sporadic  failures  of  the  inertia  reel  in  both  its  auto 
lock  and  manual  lock  positions.  Inertia  reel  failures  during 
high  horizontal  impacts  are  believed  to  be  due  to  high 
rotational  velocities  of  the  ratchet  wheel  which  may  prevent 
the  locking  pawl  from  properly  engaging  the  sprocket.  Inertia 
reel  failures  during  high  vertical  impacts  are  believed  to  be 
caused  by  the  low  forward  acceleration  (G,)  transmitted  to  the 
shoulder  strap  because  of  torso  compression,  rolling,  and 
slumping.  The  lack  of  inertia  reel  rrtaintenance  and  calibration 
procedures  potentially  allow  the  automatic  lock  sensitivity 
settings  to  drift  to  unacceptable  levels  over  time.  The 
influence  of  operational  conditions  (i.e.,  sand,  dust,  salt  fog, 
temperature,  humidity,  etc.)  on  sensitivity  settings  are  un¬ 
known.  Field  tests  of  110  inertia  reels  at  Fort  Rucker, 
Alabama,  airfields  revealed  a  24,5  percent  failure  to  lock  at 
the  3  G  requirement.  Corrective  actions  being  considered 
include:  (1)  establishing  calibration  and  maintenance  proce¬ 
dures,  (2)  revising  MIL-R-8236  to  incorporate  dynamic  sled 
tests,  and  (3)  development  of  an  inflatable  body  and  head 
restraint  system. 

INTRODUCTION 

MA-6  and  MA-8  inertia  reels  currently  are  installed  in  U.S. 
Amy  rotary-wing  aircraft.  These  reels  are  regulated  by  MIL- 
R-8236  [1]  which  requires  the  reels  to  lock  automatically 
when  the  shoulder  harness  webbing  is  subjected  to  an  exten¬ 
sion  acceleration  above  3  G.  The  reels  must  not  lock  at  any 
strap  acceleration  below  1.5  G.  Between  1.5  and  3  G  is  a 
grey  area  of  tolerance  where  the  reel  may  or  may  not  lock. 
The  specification  also  requires  the  reel  to  lock  within  1.27  cm 
(0.5  inch)  of  strap  movement  after  crossing  the  3  G  threshold. 
The  only  difteience  between  the  MA-6  and  MA-8  inertia  reels 
is  the  ultimate  structural  load  the  reels  are  capable  of  with¬ 
standing.  This  load  is  4000  pounds  for  the  MA-6  and  5000 
pounds  for  the  MA-8.  There  are  other  requiretrKnts  for  the 
MA-6  and  MA-8  inertia  reels,  but  the  strap  acceleration  and 
extension  thresholds  are  the  primary  requirements  associated 
with  aircrew  restraint. 

In  accordance  with  MIL-R-8236,  an  inertia  reel  failure  occurs 
either  when  it  fails  to  lock  at  a  strap  acceleration  of  3  G  or  a 
strap  extension  in  excess  of  1.27  cm  (0.5  inch)  occurs.  In  this 
paper,  a  more  general  definition  of  inertia  reel  failure  is 
utilized,  i.e.,  the  inability  of  the  inertia  reel  to  prevent  exces¬ 
sive  torso  motion  during  dynamic  loads. 


It  must  be  emphasized  the  specification  requirements  were  met 
during  MA-6  and  MA-8  inertia  reel  procurement.  However, 
it  has  become  evident  that  the  specified  perfomance  require¬ 
ments  are  inadequate  to  completely  cover  the  crash  envi¬ 
ronment  we  now  arc  experiencing.  Some  of  these  crash 
environments  are  due  to  changes  in  operational  tactics  and 
others  are  due  to  advances  in  crashworthy  helicopter  designs. 

MISHAP  DATA 

Aircraft  mishap  investigations  generally  focus  on  two  ques¬ 
tions:  (1)  what  was  the  cause  of  the  mishap,  and  (2)  what  can 
be  done  to  prevent  mishap  reoccurrence?  In  view  of  these 
goals,  inertia  reel  performance  is  a  subordinate  consideration. 
In  the  majority  of  U.S.  Army  rotary-wing  mishaps,  evidence 
of  inertia  reel  failures  does  not  exist.  When  evidence  is 
present,  often  it  is  not  reported  because  either  the  evident  is 
not  recognized,  or  the  occurrence  is  written  off  as  an  insignif¬ 
icant  finding  and  not  pursued.  Pan  of  this  problem  is  related 
to  insufficient  instructions  telling  investigators  what  clues 
suggest  a  possible  inertia  reel  failure. 

Because  of  problems  in  identifying' and  coding  inenia  reel 
performance  deficiencies,  a  typical  search  in  the  U.S.  Army 
Safety  Center  database  does  not  reveal  significant  findings. 
However,  by  conducting  a  search  on  injury  types,  and 
reviewing  these  accident  cases  for  evidence  of  inertia  reel 
failure,  an  alarming  number  of  cases  can  be  identified.  This 
search  identified  10  cases  since  1983  in  which  the  inertia  reel 
can  be  attributed  as  faulty.  Only  survivable  and  partially 
survivable  cases  were  considered.  There  were  numerous 
nonsuTvivable  cases  where  the  inertia  reel  performance  could 
be  suspect,  but  the  severity  of  the  crashes  made  secondary 
analyses  unreliable.  A  short  narrative  of  some  of  these  cases 
and  applicable  investigation  findings  follow; 

Case  1. 

AH-64.  Flying  at  about  70  knots  and  400  feet  AGL,  a 
loud  bang  was  heard  and  the  pilot  noticed  a  slight  right  yaw. 
As  tire  yaw  worsened,  the  pilot  lowered  the  aircraft’s  nose  to 
gain  airspeed  and  streamline  the  aircraft.  The  aircraft  contin¬ 
ued  to  spin  and  the  pilot  entered  an  autorotation  to  reduce  spi.n 
rate,  lire  aircraft  crashed  in  a  wooded  area  and  was  de¬ 
stroyed.  The  aircraft  burned  during  postcrash  fire. 

"During  the  crash  sequence,  one  pilot  received  fatal 
injuries  and  the  other  pilot  serious  injuries  as  a  result 
of  an  inadequate  crew  restraint  system.  (A)  The 
restraint  system  does  not  provide  an  automatic  lock 
capability  based  on  G  forces  other  than  longitudinally 
which  allows  excessive  lateral  body  movements.  (B) 
Excessive  forces  (2  to  3  Gs)  are  required  to  activate 
the  system  which  leads  to  excessive  body  motion. 

(C)  The  manual  lock  levers  on  both  crew  seats  are 
located  in  positiems  that  interfere  with  the  movement 
of  the  collective  when  a  crew  trrember  has  his  hand 
on  the  lever.” 
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Case  2. 

OH-58.  While  conducting  a  zone  reconnaissance  at 
terrain  flight  altitude,  pilot  in  command  (PIC)  executed  an 
evasive  maneuver,  aircraft  descended,  main  rotor  blade  struck 
several  sand  dunes  causing  loss  of  control  and  ground  impact. 
The  aircraft  impacted  the  ground  in  a  nose  left  side-low 
attitude.  Aircraft  was  destroyed. 

"The  copilot  sustained  severe  head  injuries  due  to 
excessive  flailing  during  the  impact  sequence." 

Case  3. 

AH-64.  While  at  an  out-of-ground  effect  hover,  aircraft 
entered  an  uncontrollable  right  rotario''  about  the  mast  and 
started  descending.  The  IP  attempted  to  execute  a  near 
vertical  landing  and  impacted  the  ground  at  a  high  vertical 
rate  of  descent.  Aircraft  came  to  rest  in  an  upright  position 
with  the  empennage  twisted  and  separated  from  the  fuselage. 

"The  function  of  the  shoulder  harness  locking  lever  on 
both  seats  is  rendered  inoperable  during  in-flight 
situations  due  to  inaccessibility  by  either  crewmem¬ 
ber.  The  cockpit  layout  is  inadequately  designed 
because  the  locldng  lever  is  physically  obstructed  by 
the  position  of  the  collective  and  does  not  allow  the 
crewmember  to  manually  lock  or  unlock  the  shoulder 
harness  restraint  system.  In  this  instance,  the  rated 
student  pilot  (RSP)  received  warning  which  would 
allow  early  locking  of  the  harness  but  was  unable  to 
do  so.  During  impact,  he  received  a  head  injury 
when  his  helmet  came  into  contact  with  the  optical 
relay  tube  (ORT).  This  is  a  recurring  finding  on  AH- 
64  accidents." 

The  IP’s  head  struck  the  instrument  panel  resulting  in  a  fatal 
basilar  skull  fracture.  His  other  injuries  were  a  small  abrasion 
of  the  lateral  right  lower  thigh,  and  a  small  contusion  to  both 
the  left  cheek  and  anterior  left  shoulder.  The  copilot/gunner 
received  facial  lacerations  from  striking  the  ORT. 

Case  4. 

UH-60.  While  in  a  hover  attempting  a  night  landing, 
aircraft  struck  a  parked  aircraft,  lost  tail  rotor  components  and 
main  rotor  blade,  then  came  to  rest  on  its  left  side. 

"During  the  crash  sequence,  the  IP’s  upper  torso 
restraint  system  did  not  lock  in  the  automatic  mode 
allowing  excessive  flailing.  The  system  is  designed 
to  lock  with  X-axis  (fore  and  aft)  G  forces;  however 
the  G  forces  encountered  during  this  accident  were 
primarily  Y-axis  (lateral)." 


AH- IS.  While  in  cruise  flight,  a  loud  bang  was  heard 
from  aft  section  and  pilot  reduced  power  to  reduce  vibration. 
As  the  aircraft  descended  to  about  10  to  15  feet  AGL,  it 
yawed  right,  rolled  left,  pitched  down,  and  the  left  skid  dug 
into  the  desert  floor.  The  aircraft  slid  and  rolled  over  1  1/2 
revolutions. 

"The  design  of  the  shoulder  harness  locking  device 
does  not  allow  for  activation  2  G's  in  the  longitudinal 
axis,  and  no  activation  is  incurred  regardless  of  the 
amount  of  G's  experienced  in  the  hueial  and  vertical 
axis.  The  PIC’s  shoulder  harness  inertia  reel  did  not 
activate  at  impact  as  evidenced  by  injuries  sustained 
and  also  by  a  calculation  of  gravitational  forces 


encountered  at  impact.  As  a  result,  fatal  injuries  were 
sustained  by  the  PIC  because  his  upper  body  was  not 
adequately  restrained  in  the  seat  and  it  was  allowed  to 
move  within  the  cockpit  during  the  crash  sequence." 

Case  6. 

AH-64.  During  cruise  flight  at  low  altitudes  utilizing 
night  vision  systems,  aircraft  began  a  gradual  descent  and 
contacted  the  ground  at  85  knots  true  airspeed  in  a  nose  low 
attitude.  The  aircraft  slid  a  short  distance  and  rebounded  into 
the  air.  The  pilot  activated  the  chop  collar  circuitry  and  the 
aircraft  descended  vertically,  striking  the  ground  and  rotating 
180  degrees  after  impact. 

"The  pilot’s  injuries  were  minor  and  consisted  of  abra¬ 
sions  and  lacerations  about  his  face  and  around  his  eyes." 
The  copilot’s  "injuries  were  major  and  consisted  of 
fractures  to  his  right  cheek  bones,  a  ftactured  right 
mandible,  and  multiple  abrasions  about  his  face.  Injuries 
were  attributable  to  impact  forces  compounded  by  me 
ANVIS-6  goggles  and  his  head  striking  the  instrument 
panel." 


CASE  7. 

UH-60.  While  in  a  20-foot  hover,  the  aircraft  tail  rotor 
suddenly  stopped  turning.  The  aircraft  began  an  immediate 
nose-down,  violent  right  spin.  The  PIC  applied  power  to 
transition  to  an  open  area  and  climbed  to  approximately  40 
feet.  At  this  point  power  was  shut  off  and  an  autorotation 
initiated.  The  aircraft  landed  in  a  nosed-down,  right  roll 
attitude. 

"The  injuries  received  by  the  PIC  and  copilot  were 
similai.  As  the  scats  were  stroking  down,  the  PIC 
struck  his  face  on  the  collective  and  the  copilot  struck 
his  face  on  the  cyclic." 

The  causal  factors  for  these  facial  injuries  is  attributed  to 
the  upper  torso  restraint  system  allowing  excessive  motion. 

CASE  8. 

AH-1.  The  main  fuel  and  oil  lines  were  severed  by  an 
OH-58  rotor  blade,  causing  the  AH-1  to  immediately  catch 
fire.  The  AH-1  continued  straight  ahead  in  a  rapid  descent. 
The  AH-1  contacted  two  trees,  struck  the  ground,  rolled  over, 
and  burned. 

"The  ftont  seat  pilot  was  injured  during  the  abrupt 
deceleration  when  his  head  and  body  nnoved  forward, 
allowing  his  face  to  strike  the  TSU.  The  sight  struck 
him  just  below  his  helmet  at  the  visor  line,  inflicting 
extensive  damage  to  his  face  and  brain.  He  did  not 
sustain  any  other  injuries.  ...  It  is  suspected  that  his 
inertia  reel  did  not  function  (lock)  as  designed, 
allowing  his  body  to  move  forward  and  down,  striking 
his  face  on  the  TSU,  and  inflicting  injuries  that 
caused  his  death  5  days  later." 

The  pilot  in  the  rear  seat  of  this  aircraft  suffered  a 
vertebrae  compression  and  lacerations  to  his  lower  legs. 

Case.  9. 

UH- 1 .  After  completing  an  airdrop,  an  internal  (unautho¬ 
rized)  tarp  broke  free,  in^iacted,  and  caused  the  tail  rotor  to 
separate.  Descending,  the  aircraft  started  spinning  to  the  right, 
leveled,  stopped  spinning,  and  struck  the  ground.  The  aircraft 
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impacted  the  ground  in  a  right  skid-low  attitude  with  a  slight 
right  turn.  Aircraft  came  to  rest  on  its  right  side. 

"The  restraint  systems  were  in  place,  intact,  and  in 
use  at  time  of  the  mishap.  However,  the  pilot’s 
shoulder  harness  lock  malfunctioned  on  forward 
impact.  This  malfunction  caused  him  to  receive  a 
large  cut  across  his  nose  and  face  from  the  cyclic 
handgrip." 

The  pilot  was  knocked  unconscious  for  approximately  5 
minutes  and  experienced  amnesia  retrograde.  The  causal 
factors  for  these  injuries  arc  attributed  to  the  upper  torso 
restraint  system  allowing  excessive  motion. 

Case  10. 

UH-60.  Aircraft  struck  a  power  line  causing  the  rotor 
system  and  tail  rotor  to  separate  from  the  aircraft.  Aircraft 
began  a  rapid  spin  to  the  left  and  fell  vertically  224  feet.  The 
aircraft  impact^  in  a  left  lateral,  nose  low  attitude  and  was 
destroyed. 


"The  copilot  sustained  a  severe  blow  to  his  head 
requiring  5  days  hospitalization  and  an  indermite 
restriction  from  flying  duty  due  to  unconsciousness. 

The  copilot  struck  his  head  on  the  cyclic  grip  with  the 
helmet  absorbing  the  majority  of  the  impact " 

LABORATORY  TEST 

Dr.  Alem  and  his  coworkers  [2],  U.S.  Army  Aeromedical 
Research  Laboratory  (USAARL),  conducted  a  laboratory  study 
on  the  effectiveness  of  airbags  to  reduce  head  injury  severity 
from  gunsight  (optical  relay  tubes  and  telescopic  sighting 
units)  strikes  in  attack  helicopters.  As  a  part  of  this  study, 
different  inertia  reel  strap  acceleration  settings  were  used  in  an 
attempt  to  reduce  total  strap  extension.  Several  MA-8  reels 
were  set  at  the  standard  l.S  -  3  G  setting  and  others  set 
between  1.2  -  1.8  G.  Some  new  dual  mode  inertia  reels,  with 
a  strap  sensitivity  setting  of  1.2  -  1.8  G  and  a  vehicle  sensitiv¬ 
ity  setting  of  4  -  5  G,  also  were  used  in  some  sled  tests.  The 
applicable  inertia  reel  performance  data  reported  in  this  effort 
are  provided  as  Tables  1  and  2. 


Table  1:  Restraint  system  action  and  manikin  interaction  with  the  TSU  in  the  AH-1  tests. 


— 

Test 

number 

Sled 

pulse 

(G) 

Seat 

back 

angle 

(deg) 

Inertia  reel 

Amount 
of  belt 
extension 
(cm) 

Observations*** 

Type 

Lock 

setting 

(G) 

LX6196 

19.6 

5 

MA-8 

2-3 

1.5* 

No  head  contact. 

LX6197 

19.0 

5 

MA-8 

1-2 

3.0 

No  head  contact. 

LX6198 

19.6 

5 

D.M.1 

1 -2/4-5 

6.5 

No  head  contact. 

LX6199 

23.5 

5 

D.M.fl 

1 -2/4-5 

2.0* 

Minor  helmet  contact. 

UX6200 

23.4 

5 

MA-8 

1-2 

8.0 

Minor  head  and  helmet  strike. 

LX6201 

23.4 

5 

MA-8 

2-3 

10.8 

Minor  face  contact. 

LX6202 

25.0 

35 

•• 

*• 

Chin  and  cheek  contact. 

LX6203 

25.0 

35 

D.M.1I 

1 -2/4-5 

17.5 

Nose  and  right  cheek  strike. 

LX6204 

25.0 

35 

MA-8 

1-2 

*• 

Full  face  impact. 

LX6205 

25.0 

35 

MA-8 

Locked 

3.5 

Head  and  full  face  impact. 

LX6206 

25.0 

35 

MA-8 

Locked 

2.0 

Head  and  right  cheek  strike. 

LX6207 

25.0 

35 

D.M.^ 

Locked 

11.0 

Head  and  full  face  impact. 

■  Estima*'’d  from  film  analysis 
"  Data  uiu.  vailable  or  clearly  inaccurate 

***  Based  on  review  of  high  speed  films  and  posttest  photographs. 
H  Dual  mode. 


It  is  interesting  to  note  the  amount  of  belt  extension  allowed 
even  with  inertia  reels  in  a  prelocked  condition.  In  test 
number  LX6276,  a  prelocked  dual  mode  reel  allowed  1 1  cm 
of  strap  extension  while  two  ptelocked  MA-8  tests  (LX6274 
and  LX627S)  allowed  3.S-  and  2-cm  strap  extensions.  The 
two  MA-8  strap  extension  values  can  be  attributed  to  webbing 
packing  around  the  spool  and  strap  elongation.  But  the  dual 
mode's  11  cm  strap  extension  is  not  easily  attributed  to 
packing  and  elongation.  One  possible  explanation  is  the 
inadvenent  unlocking  caused  by  the  crash  pulse,  i.e.,  the  G 
force  dislodged  the  locking  pawl  from  the  ratchet  wheel  and 
allowed  additional  extension  to  occur  before  reengagement. 

With  the  reels  in  their  automatic  mode,  the  results  are  just  as 
confusing.  The  MA-8  had  teconled  strap  extensions  up  to 
10.8  and  12  cm  while  the  dual  mode  inertia  reels  recorded 
strap  extensions  up  to  21.8  and  17.5  cm.  Again,  webbing 
packing  and  elongation  must  be  taken  into  account,  but  do  not 
totally  account  for  these  excessive  strap  extensions. 


Analyses  of  the  recorded  strap  displacements  were  inconclu¬ 
sive  regarding  the  relative  effectiveness  of  the  different  inertia 
reels  and  lock  settings.  However,  these  test  results  did  verify 
inconsistencies  within  the  MA-8  and  the  dual  mode  inertia 
reel’s  performance  when  subjected  to  a  dynamic  environment. 


FAILURE  MODES 

As  flrst  repotted  by  Schultz  [3],  there  are  two  principal  failure 
RKxks  that  are  plausible.  The  first  is  a  ratchet  efrect 
Ratcheting  occurs  when  the  locking  pawl,  activated  by  strap 
acceleration,  fails  to  properly  engage  the  rotating  sprocket 
Figure  1  contains  a  spiocket  and  a  locking  pawl  toother. 
Two  separate  events  are  theorized  to  be  able  to  cause  this  type 
of  failure.  The  first  event  is  laiKlom  and  is  caused  by  an 
improper  timing  sequence  between  the  locking  pawl  and 
sprocket.  If  the  locking  pawl  initially  contains  the  tip  of  a 
sprocket  tooth  resulting  in  a  partial  engagement  the  tooth  or 
pawl  may  fracture  from  excessive  shear  loads.  Fracturing 
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Table  2:  Restraint  system  action  and  manikin  interaction  with  the  ORT  in  the  AH-64  tests. 


Test 

number 

Sled 

pulse 

(G) 

Seat 

back 

angle 

(deg) 

Inertia  reel 

Amount 
of  belt 
extension 
(cm) 

Observations*** 

Type 

Lock 

setting 

(G) 

LX6208 

7.7 

35 

D.M.t 

5.4* 

Full  face  and  forehead  hit. 

LX6209 

6.7 

35 

MA-8 

2-3 

5.7* 

Full  lace  and  chin  impact. 

LX6210 

6.8 

35 

MA-8 

1-2 

7.0* 

Full  face  and  chin  impact. 

LX621 1 

6.8 

35 

D.M.K 

1 -2/4-5 

5.7 

Chin  and  right  face  impact. 

LX6212 

6.8 

35 

MA-8 

2-3 

12.0 

Lower  face  and  chin  impact. 

LX6213 

6.8 

35 

MA-8 

1-2 

5.7 

Full  face  strike. 

LX6277 

8.9 

35 

D.M.1I 

Locked 

4.9 

Full  face  impact. 

LX6283 

25.9 

35 

D.M.H 

1 -2/4-5 

21.8 

Head  impact  with  ORT. 

LX6214 

6.8 

20 

D.M.H 

1 -2/4-5 

4.5 

Left  forehead  and  moufh  contacts. 

LX6215 

6.8 

20 

MA-8 

2-3 

4.5 

Mouth  and  forehead  contacts. 

LX6216 

6.8 

5 

MA-8 

1-2 

3.2* 

Forehead  and  face  impact. 

LX6217 

6.7 

5 

D.M.Ii 

1 -2/4-5 

Upper  nose  and  forehead  impact. 

*  Estimated  from  film  analysis 
”  Data  unavailable  or  clearly  inaccurate. 

Based  on  review  of  high-speed  films  and  posttest  photographs. 
^  Dual  mode. 


either  a  sprocket  tooth  or  the  locking  pawl  would  allow 
additional  strap  play  out  before  the  pawl  reengages  the 
sprocket. 

The  second  event  which  may  cause  ratcheting  occurs  during 
high  onset  rates  of  strap  acceleration.  High  onset  rates  usually 
occur  during  horizontal  impacts.  A  finite  amount  of  time  is 
required  for  the  locking  pawl  to  move  into  the  path  of  and 
then  engage  the  sprocket  teeth.  During  this  period,  tlie 
rotational  velocity  of  the  sprocket  may  be  high  enough  that 
the  pawl  skips  across  the  sprocket  teeth  instead  of  properly 
engaging  them.  This  skipping  would  continue  until  the 
sprocket’s  rotational  velocity  slowed  allowing  the  pawl  to 
engage. 

This  type  of  failure  is  difficult  to  identify  and  verify  because 
when  motion  finally  ceases  at  full  strap  extension,  the  locking 
pawl  engages  the  sprocket  teeth  and  remains  engaged  during 
retraction.  Inspection  of  the  inertia  reel  at  the  accident  scene 
reveals  it  to  be  locked,  giving  the  misleading  appearance  that 
it  functioned  properly.  Only  through  a  detailed  tear  down 


Rgura  1.  In«rtta  fMl  apreckat  and  locking  pawl. 


inspection  by  knowledgeable  personnel  can  this  failure  at  a 
sprocket  tooth  chip  failure  be  identified. 

The  second  failure  mode  of  the  inertia  reel  is  one  where  it 
fails  to  activate.  This  failure  largely  is  dependent  on  crash 
kinematics.  In  the  predominantly  vertical  helicopter  crashes, 
the  occupant’s  forward  displacement  rate  and  shoulder  strap 
acceleration  is  insufficient  to  activate  the  inertia  reel’s  locking 
sequence.  This  occurrence  appears  to  be  more  prevalent  with 
the  newer  crashworthy  aircraft  designs  such  as  the  UH-60 
Black  Hawk  and  AH-64  Apache.  By  design,  crashworthy 
landing  gear  reduces  the  G  onset  rates  and  peak  G  forces 
transmitted  to  the  occupants.  This  is  complicated  further  by 
the  occupant’s  initial  response  to  vertical  impacts  which  is  to 
compress  the  seat  cushion  and  torso  slumping.  The  cumula¬ 
tive  result  is  a  gradual  increase  in  shoulder  strap  acceleration 
and  a  delayed  inertia  reel  activation.  Since  inertia  reel 
activation  is  triggered  by  the  occupant’s  shoulder  strap 
acceleration,  the  occupant  is  exposed  to  an  increased  flail 
envelope  and  an  increased  risk  of  head  and  torso  trauma. 


USAARL  HELD  TEST 

Not  all  inertia  reel  failures  can  be  attributed  to  changes  in 
crash  dynamics,  but  some  responsibility  must  be  placed  on  the 
reel's  inability  to  maintain  its  calibration  setting  throughout  its 
service  life.  CW4  Woodrum  and  his  coworkers  [4]  raised 
the  suspicion  that  the  locking  threshold  of  fielded  inertia  reels 
may  not  be  within  the  required  tolerance  of  1.5  to  3  G  strap 
acceleration.  Mr.  Woodrum  contended  that  the  lack  of 
maintenance  and  calibration  procedures  fail  to  ensure  that 
inertia  reels  continue  to  lock  at  the  factory  setting  after 
prolonged  exposure  to  field  conditions.  Based  on  this 
possibility,  the  Office  of  the  Program  Executive  Officer, 
Aviation  (PEO-Aviation)  tasked  USAARL  to  conduct  a 
random  sampling  of  inertia  reels  installed  in  various  aircraft 
models  located  at  Fort  Rucker. 

To  accomplish  this  evaluation,  a  field  portable  inertia  reel 
tester  by  I^fic  Scientific,  part  number  3101 101-0,  was  used 
for  all  tests.  Hiis  tester  is  shown  in  a  UH-60  copilot  seat  in 
Figure  2.  The  accuracy  of  the  tester  required  that  it  be 
calibrated  for  each  of  the  different  seat  configurations  found 
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in  the  various  aircraft.  Once  calibrated,  this  device  proved  to 
produce  a  repeatable  strap  acceleration.  The  operation  of  this 
tester  is  mechanical  and  its  energy  is  stored  in  a  spinning  fly 
wheel.  The  intent  of  this  evaluation  was  to  find  what  percent¬ 
age  of  fielded  inertia  reels  fail  to  lock  at  3  G.  Thus,  the  tester 
was  set  to  provide  3  G  strap  accelerations. 


Figure  2.  Pacific  Scientific  inertia  reel  tester  shown  in  a 
UH-60  copilot  seat. 


Only  the  pilot  and  copilot  inertia  reels  were  tested  in  each 
airc^t.  Aircraft  models  included  the  UH-1,  AH-1,  CH-47, 
OH-58,  UH-60,  and  AH-64.  A  total  of  55  aircraft  were  eval¬ 
uated.  The  results  of  these  field  tests  are  shown  in  Table  3. 


Table  3.  Inertia  reel  locking  failures. 


Aircraft 

type 

Reels 

tested 

3  G  failures  | 

Number 

Percent 

UH-1 

20 

6 

30 

AH-1 

16 

10 

62 

CH-47 

20 

4 

20 

OH-58 

14 

4 

29 

UH-60 

20 

2 

10 

AH-64 

20 

1 

5 

Total 

110 

27 

24.5 

Based  on  the  1 10  inertia  reels  tested,  24.5  percent  failed  to 
meet  the  MIL-R-8236  limits  and  require  lecalibration.  This 


is  significant  since  it  places  the  occupants  of  these  inertia  reels 
at  an  increased  risk  of  head  and  upper  torso  injuries  if 
involved  in  a  mishap.  The  older  aircraft  models,  UH-1  and 
AH-1,  showed  a  higher  failure  rate  than  the  newer,  UH-60  and 
AH-64,  models. 

These  data  suggest  that  inertia  reel  sensitivity  may  be  time 
and/or  environment  dependent.  This  dependency  may  be  due 
to  lubricant  drying,  material  wear,  spring  fatigue,  foreign 
matter,  or  other  anomalies.  Recording  the  manufacture  date 
from  the  inertia  reel  label  was  not  possible  because  of  the 
inaccessibility  of  some  reels.  When  reels  were  accessible,  the 
labels  were  often  unreadable. 

Throughout  MA-6  and  MA-8  utilization,  the  service  life  has 
not  been  specified.  Reels  ate  replaced  only  if  aviators  or 
maintenance  personnel  find  reels  which  do  not  lock  when  the 
shoulder  strap  is  manually  accelerated  by  hand  or  the  reels  fail 
to  lock  or  unlock  by  the  manual  control  handle.  There  are 
Army  UH-ls,  procured  during  the  1960s,  still  flying  today 
with  their  original  inertia  reels  installed.  The  performance 
levels  of  these  reels  remain  highly  suspect. 


PROPOSED  ACTIONS 

There  are  several  ongoing  actions  that  are  intended  to  relieve 
or  correct  the  problems  identified  here.  The  first  and  most 
obvious  is  the  adoption  of  maintenance  and  calibration 
procedures.  PEO-Aviation  has  sent  letters  to  inertia  reel 
manufacturers  asking  for  guidance  and  recommendations  for 
maintenance  and  calibration  procedures.  Once  this  informa¬ 
tion  is  obtained  and  verified,  it  will  be  incorporated  into  the 
Army  depot  maintenance  work  requirement. 

Another  effort  underway  is  a  revision  to  MIL-R-8236.  This 
revision  includes  a  new  inertia  reel,  the  MA-14,  which  will  be 
dynamically  qualified.  In  this  requirement,  the  inertia  reel 
will  be  mounted  onto  a  generic  seat  with  a  MIL-S-58095  [5] 
restraint  harness  and  subjected  to  four  different  crash  pulses. 
For  each  of  these  dynamic  tests,  the  inertia  reel  must  lock  the 
shoulder  harness  within  1.9  cm  (0.75  inch)  of  strap  play  out, 
not  including  webbing  packing  and  elongation.  Any  measured 
webbing  play  out  in  excess  of  1.9  cm  (0.75  inch)  will  dictate 
failure  of  the  reel  to  meet  the  requirement.  Some  designs 
being  proposed  include  a  vehicle  sensitive  G  sensor  and  others 
include  an  increased  sensitivity  to  strap  accelerations  with 
lower  locking  thresholds,  or  both. 

For  the  AH-1  and  AH-64  airframes,  the  Inflatable  Body  and 
Head  Restraint  System  (IBAHRS)  also  is  being  developed. 
This  system  utilizes  an  aircraft-mounted  G  sensor  to  activate 
gas  generators  which  inflate  airbags  integrated  into  the 
shoulder  harnesses.  This  system  has  been  under  development 
for  over  10  years  and  a  production  contract  has  been  awarded, 
introduction  into  service  aircraft  is  planned  for  fuat  quarter 
1995,  barring  program  delays. 
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SUMMARY 

The  U.S.  Army  Aertmtedical  Research  Laboratory  (USAARL) 
manages  the  Aviation  Life  Support  Retrieval  Program 
(ALSERP).  The  purptose  of  this  program  is  to  evaluate  and 
record  the  efficiency  of  Aviation  Life  Suppon  Equipment 
(ALSE)  in  the  aircraft  accident  environment  with  our  focus 
centered  on  rotary-wing  aviadon.  Personal  injury  data  are 
correlated  with  the  item  of  ALSE  provided  for  protecdon, 
along  with  informadon  on  the  accident  kinemadcs  and 
dynamics.  These  ALSE  items  are  assessed  for  damage  to 
determine  if  the  design  was  adequate,  it  was  manufactured  to 
design,  and/or  it  was  properly  worn  by  the  crewmember. 
These  data  ate  used  by  USAARL  to  idendfy  design  deficien¬ 
cies  and  to  substantiate  the  need  for  system  improvements. 
The  ALSE  sent  to  USAARL  for  analysis  includes;  helmets, 
crashworthy  seats,  restraint  systems,  inertia  reels,  survival 
vests,  and  flight  suits  from  the  U.S.  Army,  and  upon  request, 
the  Navy,  Air  Force,  Coast  Guard,  and  other  government 
agencies.  The  primary  item  of  equipment  received  by 
USAARL  for  analysis  remains  the  helmet  due  to  the  identified 
cnticaiity  of  head  trauma  in  aviation  mishaps  [1|. 

EARLY  RESEARCH  AND  CONTRIBUTIONS 
The  U.S.  Army  esublishcd  early  credibility  in  research  of 
trauma  related  to  the  aviation  environment  through  several 
studies  and  subsequent  lepons.  The  first  of  these  was 
published  in  1961  by  the  U.S.  Army  Board  for  Aviation 
Accident  Research  (USABAAR)  [1],  Fen  Rucker,  Alabama. 
In  this  initial  report,  the  USABAAR  performed  an  analysis  of 
accident  data  arid  found  the  U.S.  Army  had  experienced  1214 
major  accidents  from  July  1957  through  December  1960. 
These  atxidents  were  comprised  of  571  fixed-wing  and  643 
nxaiy-wing  aircraft.  The  study  showed  that  96.5  percent  of 
the  ftxed-wing  and  97.7  percent  of  the  rotary-wing  accidents 
were  considered  survivable.  Although  the  survivability  rate 
appeared  to  be  quite  satisfactory,  a  second  analysis  was 
conducted  on  fatid  helicopter  accidents  from  Octo^  1957 
through  August  1959.  Out  of  24  fatal  accidents,  11,  or  46 
percent,  of  these  accidents  were  classified  as  survivable,  yet 
14  fatalities  were  experienced.  At  that  time,  survivability  was 
narrowly  defined  as  the  limits  of  human  toterance  related  to 
crash  forces.  The  author  of  this  repon  attetiqMed  to  provide 
further  causative  facton  by  surveying  infatmation  on  ALSE 
(Table  I)  and  found  that  nonuse  of  equipment  due  to  eidier 
siqiply  availability  or  personal  selection  played  a  significant 
role  in  survivability.  Then,  types  of  injuries  were  surveyed  as 
the  cause  of  death  in  stovivable  accidents  (Table  2),  showing 
the  'big  three”  to  be  head  injury,  multiple  extreme  injury,  and 
bums  and  complications.  These  tlm  accounted  for  77 
percem  of  all  injuries  causing  death.  This  lepmt  went  on  to 
discuss  the  aircr^  inventory,  postcrash  fire  experience,  crash 
helmet  experience,  future  injury  patterns  expected,  etc.  In 


short,  it  appears  to  be  the  first  definitive  self-examination  of 
U.S.  Army  aviation  survivability.  The  report  prompted  further 
inquires  from  the  field  on  ALSE,  crashworthiness,  postcrash 
fire,  and  survivability.  Also,  it  provided  the  aviation  crew¬ 
member  population  with  a  proven  reason  to  wear  the  APH-5 
protective  helmet  which  had  not  been  totally  accepted,  even 
though  it  had  been  in  the  Army  inventory  since  1958  [2]. 


Tatile  1 .  Personnel  in  fatal  sun/ivable  accidents. 


Not  using  safety  belt 

3 

Using  safety  belt 

8 

Unknown 

3 

Not  using  helmet 

9 

Using  helmet 

4 

Unknown 

1 

Not  using  shoulder  harness 

12 

Using  shoulder  harness 

1 

Unknown 

1 

Table  2.  Type  injuries  as  cause  of  death  in  survivable 
accidents,  July  1957  -  December  1960. 


1  F/W 

R/W 

Total 

1  Head  injuries 

13 

8 

21 

Multiple  extreme 

12 

8 

20 

Bums  and  complications 

8 

8 

16 

Rupture  or  laceration  of  heart 
or  great  vessels 

4 

1 

5 

Hemontiage  and  shock 

0 

3 

3 

Exposure  -  cold,  heat,  etc. 

2 

0 

2 

Drowning 

0 

2 

2 

Traumatic  hemothorax 

0 

1 

1 

Transection  of  spinal  cord 

1 

0 

Asphyxiation 

1 

0 

1 

Unknown 

0 

2 

Until  the  publication  of  this  first  report,  the  aviation  accident 
investigation  teams  of  the  U.S.  Army  had  been  diligently 
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collecting,  analyzing,  recording  data  and  identifying  hazards 
from  individual  accidents  with  a  selfless  sincere  dedication. 
The  missing  components  of  this  endeavor  were  the  cataloging, 
categorizing,  and  trend  analyses  that  could  make  all  of  these 
data  germane  to  the  community  which  it  served.  Even  today, 
we  acknowledge  there  is  adequate  budget  to  investigate  and 
identify  the  causes  of  specific  accidents  and  sufficient  com¬ 
mand  emphasis  to  complete  the  individual  accident  repons. 
According  to  the  U.S.  Army  Safety  Center  (USASC),  Fort 
Rucker,  Alabama,  an  individual  "Technical  Report  of  U.S. 
Army  Aircraft  Accident"  may  contain  multiples  of  IS  different 
forms  with  additional  information  as  necessary,  and  total  in 
the  vicinity  of  415  pages  when  completed.  Basically,  we  stitl 
are  structured  to  explain  the  loss,  identify  the  hazards,  and 
provide  corrective  measures  to  the  responsible  parties  and 
command  chain.  However,  there  seems  to  be  a  condnued  lack 
of  resources  to  complete  the  research  necessary  to  identify 
trends  within  these  data. 

Under  charter  of  The  Surgeon  Gcr.’ral  of  the  Army  and  the 
U.S.  Army  Medical  Research  and  '^velopment  Command 
(USAMROQ,  the  U.S.  Army  Actvimedical  Research  Unit 
(USAARU)  was  formed  to  address  aeromedical  issues  relating 
to  Army  aviation.  Although  the  USAARU,  redesignated 
USAARL  in  1969,  addressed  a  myriad  of  activities  from  noise 
exposure  to  human  performance,  when  aviation  accidents  and 
survivability  became  issues  of  concern,  the  data  reduction  led 
to  a  narrowed  focus  in  the  arena  of  ALSE,  and  problems 
associated  with  the  use  of  these  items.  One  of  the  specific 
concerns  within  this  narrowed  scope  was  head  injury  and  the 
protective  helmet.  USAARU  continued  to  assess  head  trauma 
and  took  a  proactive  approach  by  presenting  the  results  of 
research  throughout  the  Army  and  by  assessing  not  only  what 
the  U.S.  Army  had  to  offer,  but  surveying  the  other  services 
and  industry  on  what  could  be  provid^  as  protection  to  the 
aircrew.  TTie  Research  Unit  worked  within  the  U.S.  Army 
Qualitative  Materiel  Requirements  (QMR),  established  for 
aircrew  protective  helmets  in  1%2,  consisting  of  the 
following: 

1 .  Compatibility  with  voice  communication  and  attenua¬ 
tion  against  excessive  noise. 

2.  Compatibility  with  integrated  sun  visor. 

3.  Flash  blindness  protection. 

4.  Oxygen  and  gas  mask  compatibility. 

5.  Ballistics  protection. 

6.  Comfort. 

7.  Crash  protection. 

USAARU  was  not  chartered  to  design  a  helmet,  but  unit 
personnel  attended  meetings  with  the  Quartermasier  Research 
and  Engineering  Center,  Natick,  Massachusetts,  the  U.S.  Army 
Aviation  Materiel  Laboratories  (USAAVLABS),  Fort  Eustis, 
Virginia,  and  met  and  corresponded  with  many  othen  in  the 
Government  and  private  sectors  pushing  technology.  In  1968, 
USAARU  examined  the  U.S.  Navy  SPH-3  and  found  it  to 
possess  sufficient  potential  for  the  justification  of  exploring  a 
new  generation  of  flight  helmets.  The  SPH-3  was  modified  to 
eliminate  some  stringent  Navy  specific  protection  requirements 
and  strengthen  some  Army  specific  ueas  of  concern.  This 
USAARU-contracted  helmet  was  designated  the  SPH-3X.  It 
was  conqMied  to  the  existing  APH-3  for  acceptance  and  was 
found  to  be  suitable  [3).  After  further  study  and  additional 
design  modificaiions,  the  proponent  activity  for  helmets,  the 
Quartermaster  Resevch  and  Enpneering  Center,  contracted 
and  fiekkd  this  hetmet  It  was  desgruted  the  U.S.  Army 
Sound  Protective  Helmet  No.  4,  or  the  SPH-4,  as  it  is  known 
today.  Although  not  part  of  the  derign  push  concerning 


helmet  retention  and  crashworthiness  driven  by  accident  data, 
the  USAARU  acoustics  section  had  been  completing  research 
and  sending  a  strong  message  to  the  Army  concerning  noise 
exposure,  hearing  loss,  and  the  risks  associated  with  the 
aviation  environment.  The  results  were  the  significant 
improvements  in  acoustics  protection  included  in  this  helmet. 
USAARUAJSAARL  succeeded  in  providing  adequate  justifica¬ 
tion  for  design  changes  through  accident  data,  effectively 
researching  sources  of  technology,  and  completing  a  concept 
evaluation  to  assist  the  materiel  developer  in  selecting  a 
product  One  of  the  hidden,  but  most  important,  lessons  of 
this  effort  realized  after  the  fact  was  the  willingness  of 
USAARU/USAARL  to  turn  over  the  true  development 
program  to  the  proponent  activity  and  step  back  at  the  right 
montent.  It  is  a  lesson  that  serves  us  well  today,  in  our 
capacity  as  a  positive  contributing  resource  to  many  develop¬ 
ment  programs. 

ESTABLISHING  A  PROGRAM 

Perhaps  the  deciding  factor  in  establishing  a  program  to  focus 
on  aviation  accidents  and  ALSE  was  due  to  the  catalyst  of  two 
reports  published  in  1971.  The  first  dealt  with  the  costs  of 
training,  maintaining,  and  replacing  an  Army  aviator  [4], 
while  the  second  covered  injury  and  death  costs  in  Army 
UH-1  accidents  during  a  single  fiscal  year  [3].  The  economic 
reality  of  the  hidden  costs  associate  with  accidents  is  a 
tangible  fact  that  can  transcend  the  uncertain  payback  often 
associated  with  research.  In  1972,  USAARL  established  the 
Aviation  Life  Support  Equipment  Renieval  Program 
(ALSERP).  The  program  was  defined  in  the  then  Army 
Regulation  9S-S,  "Aircraft  accident  prevention,  investigation 
and  reporting"  [6].  The  ALSERP  was  established  with 
regulatory  authority  necessary  for  acceptance  by  the  Army  in 
the  field.  Regulation  titles  have  changed,  but  ALSERP 
maintains  its  authtmty  today  in  Department  of  the  Army 
Pamphlet  (DA  Pam)  385-95,  "Safety,  aircraft  accident  investi¬ 
gation  and  reporting"  [7].  In  addition,  USAARL  has  the 
unique  freedom  to  move  within  the  safety  channels  by  Letter 
of  Agreement  with  the  USASC.  We  benefit  greatly  from 
USASC  investigator  contributions  and  in  obtaining  detailed 
information  and  material  from  mishaps.  In  1979,  Memoranda 
of  Agreement  were  signed  with  the  U.S.  Navy  Aerospace 
Medical  Research  Laboratory,  Pensacola.  Florida,  and  the  U.S. 
Air  Force  Inspection  and  Safety  Center,  Kelly  Air  Force  Base, 
Texas,  for  the  submission  of  crash  damaged  helmets  to 
USAARL  for  analysis  and  with  the  aim  of  forming  a  triservice 
database  on  aviation  crewmember  helmet  performance. 

The  ALSERP  program  may  have  been  founded  on  our  ability 
to  perform  accident  record  analyses,  but  USABAAR,  and  later 
the  USAARUAJSAARL,  realized  that  physical  examination  of 
the  actual  ALSE  involved  in  the  accident  was  necessary.  Not 
only  did  physical  laboratory-based  examination  of  an  accident 
helmet  allow  a  more  detailed  analysis  by  a  selected  team  of 
experts,  it  also  provided  the  actual  item  for  accurate  duplica¬ 
tion  of  damage  or  impacts  in  the  laboratory,  if  desired. 
Initially,  field  units  were  enthusiastic  about  sending  crash- 
datnag^  helmets  and  other  equipment  to  USAARL  for 
analysis,  but  the  accountability  of  equipment  and  supply 
reptacement  became  a  factor.  Today,  DA  Pam  385-95 
includes  a  chtqtter  on  personal  protective  equipment  stating 
that  all  ALSE  which  is  suspect  of  being  linked  with  the  cause 
or  prevention  of  injury  during  a  mishap  is  to  be  sent  to  the 
USAARL  for  analysis.  Further,  it  provides  the  unit  command¬ 
er  with  (nocedures  for  the  tum-in  and  accountability  of 
equipment  sent  to  the  ALSERP.  Even  with  this  direction,  it 
is  undentandably  difficult  for  unit  commanden  to  send  away 
and  write  off  selected  helmets  worth  over  $9,000  that  may  or 


may  not  be  damaged.  Education  about  the  requirements  and 
purpose  of  the  program  and  open  lines  of  communication 
between  USAARL,  the  USASC,  and  the  field  units  are 
necessary  to  guarantee  both  the  integrity  of  the  investigation 
and  preservation  of  limited  unit  assets.  Again,  regulatory 
guidance  is  necessary  for  a  functioning  program. 

NARROWING  THE  SCOPE  OF  THE  EFFORT 
The  intense  interest  of  the  ALSERP  project  officers  may  be 
shared  and  taken  to  the  field  by  accident  investigators. 
Results  sometimes  take  the  form  of  boxes  containing  miscella¬ 
neous  equipment  taken  from  an  accident  scene  that  may  or 
may  not  have  anything  to  do  with  the  survivability  issues  at 
hand.  Worse  yet  is  the  well-intentioned  new  investigator  who 
sends  all  of  this  material  with  little  or  no  labeling  or  notes  on 
what  parts  came  from  where.  The  ALSERP  has  addressed 
these  problems  by  defining  parameters  for  collection  to  guide 
the  field  investigator.  In  the  case  of  the  helmet,  we  limit 
retrieval  to  helmets  involved  in  accidents  in  which  any  one  of 
the  following  events  has  occurred  during  the  accident  se¬ 
quence: 

1.  Helmet  daniage: 

a.  Fracture,  puncture,  crack,  gouge,  or  delamination 
of  the  outer  shell. 

b.  Failure  or  tear  of  the  chinstrap,  nape  strap,  or 
retention  assemblies  that  would  otherwise  necessitate  r.p^-irto 
the  helmet  before  reissue. 

c.  Visible  damage  to  the  energy-abs<"  .iner  liner. 

2.  Wearer  injury: 

a.  Wearer  becomes  co'  .d  (impaired 
consciousness). 

b.  Wearer  receives  any  pe  of  major  head  or  neck 

injury. 

c.  Major  injuries  s'o  defined  as  injury  involving: 

(1)  Five  day  of  hospitalization. 

(2)  Unconsciousness  due  to  head  trauma. 

(3)  Fracture  (open  or  closed)  of  any  bone, 
including  the  nasci  bone. 

d.  Moderate  to  severe  lacerations  which  cause 
extensive  hemorrhage  or  require  extensive  surgical  repair  {8J. 

We  request  that  investigators  do  not  adjust  or  disassemble 
helmets  when  they  are  retrieved.  We  also  ask  investigators  to 
call  if  there  is  an^  question  regarding  the  retrieval  of  a  helmet. 
For  ir  .lance,  it  is  possible  that  significant  crash  forces  were 
present  in  a  specific  mishap  and  the  helmet  shows  signs  of 
muluple  impacts  but  does  not  meet  the  parameters  of  damage 
and  the  wearer  was  not  within  the  injury  patterns  listed  above. 
We  would  ask  the  investigator  to  have  die  unit  ALSE  techni- 
C'an  remove  the  inner  styrofoam  liner  and  check  for  damage. 
/  Jthough  no  external  cosmetic  damage  is  present  to  the  outer 
;hell,  unit  ALSE  personnel  have  removed  the  inner  styrofoam 
liners  and  found  compression  of  the  liner  on  the  surface 
interfacing  the  shell  or  a  delamination  of  the  shell  on  the 
inside,  or  both. 

Other  equipment  may  be  sent  to  the  ALSERP  depending  on 
the  issues  involved  or  according  to  the  interest  of  any  of  the 
Aviation  Accident  Board  members.  Any  crashworthy  seat 
involved  in  an  accident  where  injury  is  sustained  or  any  seat 
that  shows  signs  of  stroking  due  to  impact  forces  automati¬ 
cally  is  sent  to  the  ALSERP.  Oftentimes,  all  equipment  worn 
by  a  deceased  crewmember  is  collected  and  sent  to  the 
program,  although  this  is  not  a  requirement. 

MEDICAL  INFORMATION 

Medical  information  derived  from  accident  reports  may  come 


in  the  manner  of  computerized  cataloging  of  data  under  coded 
text  or  the  actual  medical  report  or  autopsy.  Although  the 
coded  "check  the  box"  format  greatly  reduces  the  workload  of 
the  flight  surgeon  on  the  Accident  Board,  codifying  informa¬ 
tion  greatly  reduces  the  detail  in  the  description  of  injury. 
This  is  true,  especially  for  cases  with  multiple  injuries  on  one 
individual  and  limited  spaces  or  descriptors  on  the  preprinted 
form.  For  the  sake  of  brevity,  small  contusions  and  abrasions 
may  not  be  included.  In  attempting  to  explore  and  possibly 
establish  relationships  between  the  injury  and  the  helmet 
damage,  these  overlooked  data  are  critical.  For  the  purpose 
of  ALSERP,  we  request  a  copy  of  the  actual  medical  report  or 
autopsy  in  its  entirety. 

This  program  needed  a  standard  measure  for  the  classification 
of  injury  that  would  be  of  utility  to  a  wider  population  than 
just  the  U.S.  Army.  The  1976  Abbreviated  Injury  Scale  (AIS) 
[9]  published  by  the  American  Association  few  Automotive 
Medicine  was  selected  as  the  foundation  for  cataloging 
ALSERP  injury  data.  This  first  AIS  provided  a  single  overall 
AIS  value  assigned  to  each  patient  on  the  basis  of  the  exper¬ 
tise  of  the  medical  personnel  in  attendance.  The  1980  revision 
did  not  support  this  method  of  overall  evaluation  and  recom¬ 
mended  several  alternative  methods  of  assessment.  The  most 
useful  for  our  program  is  the  maximum  AIS  (MAIS)  which 
uses  the  highest  AIS  number  assigned  to  any  single  injury  of 
the  patient  to  characterize  the  overall  severity.  For  use  in 
helnnet  analysis,  injuries  other  than  to  the  head  and  neck  may 
provide  a  misleading  descriptor  in  establishing  relationships  of 
injury  and  protective  performance.  For  instance,  the  AIS 
limited  to  the  ''ombination  of  head,  neck,  external,  and  the 
upper  vertebrae  of  the  spine  may  be  used  for  a  helmet  or  head 
injury-related  issue.  Conversely,  the  MAIS  should  be  used 
when  addressing  airframe  crashworthiness  and  crewmember 
flail  injury.  Continuity  of  reporting  assessments  is  not 
possible  when  one  report  is  published  under  one  standard  and 
the  AIS  is  modified,  but  the  program  is  set  up  to  use  the 
current  AIS  for  comparison  with  previously  collected  data.  As 
of  this  writing,  the  1980  AIS  is  the  latest  revision  that  has 
been  used  for  reports  in  this  program,  although  the  1988  AIS 
will  be  used  for  subsequent  reports.  An  example  of  1980  AIS 
codes  for  head  injury  is  presented  in  Table  3. 

FORMAT  FOR  HELMET  ANALYSIS 
The  following  is  an  explanation  of  the  ALSERP  helmet  review 
form.  It  is  presented  in  its  work  sheet  format  in  Appendix  A. 
The  intent  is  to  provide  the  reader  with  the  outline  of  an 
approach  to  ALSE  investigation  and  injury  correlation.  The 
flow  starts  with  demographics  of  the  mishap  (blocks  1  and  2), 
the  aircraft  (block  3),  the  wearer  (blocks  4-6),  and  the  helmet 
(blocks  7-9).  It  continues  with  the  wearer’s  position  in  the 
aircraft  (blocks  10  and  11)  and  the  injuries  incurred  (blocks 
12-14),  including  the  issues  of  possible  modifications  to 
improve  performance  of  the  helmet  (blocks  IS  and  16).  AIS 
codes  are  provided  in  blocks  17-26,  followed  by  helmet 
retention  and  earcup  issues  (blocks  27-30).  Visor  issues  are 
listed  in  blocks  31  and  32  and  correlated  to  insult  possibly 
caused  by  the  visor  (blocks  33-36).  Helmet  rotation  is 
covered  in  block  37.  The  clip  damage  referred  to  in  blocks 
38-43  is  an  issue  relating  to  the  sling  suspension  of  the  SPH-4 
only.  Block  44  identifies  disposition  of  the  helmet  for  further 
assessment  Helmet  shell  damage  is  covered  in  blocks  4S-62. 
The  comfHessible  inner  liner  and  damage  to  it  are  covered  in 
blocks  63-69.  Based  on  the  SFH-4  sling  suspension  system, 
this  form  does  not  allow  for  assessment  of  the  dimpled  plastic 
sheets  or  cover  of  the  thermoplastic  liner  (TH-™)  or  the  inner 
basket  assembly  and  internal  electronic  "can"  assemblies  of 
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Table  3.  A  sample  of  1980  abbreviated  injury  scale 
(AIS)  codes*. 


0 

No  injury 

1 

Minor 

No  unconsdousness;  nasal 
fracture,  superficial  scalp  lac¬ 
erations,  dizziness,  headache 

2 

Moderate 

<  or  =  15  min.  unconscious; 
linear  fracture,  inner  ear  injury 
orbit  fracture,  retinal  detach¬ 
ment,  deep  scalp  laceration. 

Le  Fort  1  Maxillary  fracture 

3 

Serious 

15-59  min.  unconscious;  eye 
avulsion,  Le  Fort  11  maxillary 
fracture,  ethmoid  fracture 

4 

Severe 

1  -24  hrs.  unconscious;  Le  Fort 

III  maxillary  fracture,  epidural 
or  subdurd  hematoma  <  or  = 
lOOcc;  life  threatening 

5 

Critical 

>24  hrs  unconscious:  epidural 
or  subdural  hematoma  >  1 00 
cc;  survival  uncertain 

6 

Maximum 

Currently  untreatable,  partial 
or  complete  decapitation, 
crushed  skull 

9 

Unknown 

Insufficient  clinical  or  patholog¬ 
ical  information 

*  The  Abbreviated  Injury  Scale  1 980  Revision. 


the  Apache  Integrated  Helmet  and  Display  Sighting  System 
(IHAOSS).  Cunendy,  we  do  not  have  enough  accident 
experience  with  the  IHADSS  or  the  TPL™  to  adequately  set 
a  catalog  system  of  data  assessment. 

THE  LABORATORY  REVIEW  TEAM 
When  considering  the  laboratory  analysis,  the  composition  of 
the  ALSERP  inspection  team  is  a  critical  element  USAARL 
uses  a  minimum  team  from  the  selected  disciplines  of  ALSE, 
medicine,  engineering,  aviation,  and  safety.  The  ALSE 
technician  is  current  and  versed  on  the  equipment  being 
analyzed.  The  flight  surgeon  is  active  and  on  flight  status 
representing  the  specific  military  service  involved  in  the 
accident.  The  design  engineer  may  be  an  aerospace  or  general 
engineer  with  experience  in  the  specific  item  being  analyzed. 
The  pilot  is  an  instructor  pilot  currently  on  flight  status  and 
preferably  qualified  in  the  specific  aincraft  type,  model,  design, 
and  series  involved  in  the  accident.  The  safety  specialist  is 
performing  the  safety  officer’s  function  as  a  primary  duty  and 
has  experience  in  aircraft  accident  investigation.  Any  member 
of  the  team  may  be  performing  dual  functions  such  as  an 
aviation  safety  officer  who  is  also  a  unit  instructor  pilot,  or  an 
aerospace  engineer  who  also  is  performing  the  duties  of  an 
ALSE  technician.  Additional  expertise  is  drawn  from  the  U.S. 
Armed  Forces  Institute  of  Pathology  (AFIP),  Washington, 
D.C.,  the  USASC  and  its  field  investigators,  Natick  Labora¬ 
tories,  Program  Managen'  offices  for  various  aircraft  and 
etc.,  as  necessary.  No  case  review  is  accom¬ 
plished  without  the  presence  of  all  necessary  parties  defined 
above.  In  reality,  this  requirement  often  is  difficult  to  comply 
with  in  a  timely  manner  due  to  the  varied  primary  duty 
responsibilities  of  those  involved,  but  participation  by  all 
parties  eliminates  questions  at  a  later  date  and,  therefore,  this 
procedure  is  not  compromised. 


PROGRAM  SUCCESSES 

Since  1972,  USAARL  has  received  and  reviewed  over  340 
helmets,  100  seats,  and  numerous  restraint  systems,  including 
varied  items  such  as  survival  vests  and  articles  of  flight 
clothing.  The  results  of  the  assessments  of  these  items  have 
provided  the  initial  focus  for  further  research  in  different  paths 
of  study.  Human  head  and  neck  response  to  impact  acceler¬ 
ation  and  head  injury  pathology  coupled  to  the  clinical,  safety, 
and  administrative  significance  of  these  issues  have  been 
explored.  We  have  published  repents  on  helmet  damage  and 
head  injury  correlation  that  cite  head  injury  at  peak  accelera¬ 
tion  levels  far  below  the  400  G  used  for  the  manufacturing 
performance  criterion  in  Army  helmets  [10]  at  that  time. 
Subsequently,  we  again  pushed  technology  and  we  have 
moved  the  drop  height  from  3  feet  with  a  peak  of  400  G  to  a 
drop  height  of  6  feet  and  set  a  150  G  (never  to  exceed)  peak 
acceleration  requirement  which  is  being  met.  Two  reports 
have  covered  the  SPH-4  helmet  performance.  One  covered 
the  period  1972-1983  [11]  and  the  second  covered  the  period 
1983-1987  [12], 

USAARL  again  entered  the  concept  evaluation  field  in  1982 
over  the  concern  of  transmitted  loads  to  the  head  from  lateral 
impacts  in  the  helmet  earcup  area.  Designed  for  sound 
attenuation,  the  standard  SPH-4  earcup  reached  a  compressive 
force  of  up  to  5000  pounds  prior  to  fiacture  which  was  well 
beyond  human  tolerance.  USAARL  contracted  for  the 
manufacture  of  a  crushable  earcup  that  also  would  meet  the 
acoustic  protection  requirements  of  the  Army.  The  metal 
crushable  earcup  produced  proved  satisfactory  on  both  counts 
[13].  Again,  we  were  faced  with  the  proven  versus  accepted 
issue  and  the  ALSERP  program  "finished  the  job"  by  perform¬ 
ing  a  study  and  publishing  a  report' on  lateral  impact  to  the 
head  [14].  We  reviewed  aircraft  accident  case  files  between 
1971  and  1979  covering  222  flight  helmets  and  found  clearly 
that  lateral  impacts  yielded  a  higher  rate  of  serious  injury  to 
the  head  than  other  areas  of  impact  (AIS  greater  than  4)  at  a 
68  versus  46  percent  incidence.  Similarly,  there  was  a  greater 
incidence  of  basilar  skull  fracture  due  to  lateral  impacts  than 
to  other  aieas  of  the  helnnet  (46  versus  18  percent).  We 
established  the  proven  "blood  priority"  of  basilar  skull  fracture 
and  again  offered  a  concept,  the  crushable  earcup,  from  the 
survivability  standpoint.  The  Army  looked  with  intent  to 
move  on  this  issue.  Today,  contractors  are  successfully 
mar.ufacturing  crushable  earcups  of  ABS  plastic.  Various 
types  have  been  included  in  the  SPH-4B  and  the  HGU-56/P. 
Crushable  earcups  are  one  of  the  basic  design  requirements  for 
all  future  Army  aviation  helmet  systems. 

When  helmet-mounted  sight  systems  were  added  to  our 
aircraft,  we  assessed  the  affect  of  vibration  on  the  sight  using 
mechanical  linkages  [15].  In  1981,  we  completed  a  variable 
weight  center-of-gravity  (CG)  helmet  simulator  for  assessing 
helmet-mounted  tfevices  and  the  affect  on  muscle  loading  and 
fatigue  on  our  aviation  crewmember  population  [16].  The 
results  of  these  studies  have  been  used  in  the  criteria  for  the 
development  of  helmet  sight  technologies  currently  being 
considered  for  the  RAH-66  Comanche. 

We  have  shared  our  concern  over  the  aviation  crewmember 
protective  helmet  with  studies  involving  bump  protection 
requirements  of  the  amxited  vehicle  crewman's  helmet  We 
have  studied  injury  patterns  and  provided  guidance  to  the  U.S. 
Army  Airbcane  ^hool,  Fort  inning,  Georgia,  the  XVIII 
Airborne  Corps,  Fort  Bragg,  North  Carolina,  and  Natick 
Laboratories  relating  to  head  injuries  and  protective  alterna¬ 
tives  for  airborne  training  and  operations. 
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In  1982,  we  published  the  "Analysis  of  U.S.  Army  Aviation 
Mishap  Injury  Patterns"  [17]  which  included  examples  of 
injury  data  use  by  program  managers,  resulting  in  improve¬ 
ment  programs  being  incorporated  into  Army  aviation. 

Seat  belts  and  inertia  reel  systems  also  have  been  a  primary 
area  of  interest  in  the  ALSERP  program.  USAARL  has  been 
instrumental  in  tightening  requirements  on  seat  belt  elongation 
due  to  our  experience  investigating  accidents  involving  head 
and  face  strikes  on  optical  tracking  devices  in  our  attack 
helicopters.  When  shoulder  harness  lead-in  strap  failures 
began  to  occur  in  one  aircraft  type,  timely  ALSERP  participa¬ 
tion  idendiied  an  incmrect  installation  of  the  seat  belt  guide 
[18].  The  corrective  action  was  an  immediate  grounding  of  all 
aircraft  and  a  one-time  inspection  for  and  correction  of  this 
deficiency. 

During  the  design  and  fielding  of  the  AH-64  Apache  helicop¬ 
ter,  scientists  and  engineen  6om  USAARL  and  the  ALSERP 
participated  by  Army  charter  and  not  always  by  invitation  of 
the  program  ttuuiager.  The  DiADSS  was  developed  by  the 
manufacturer  with  limited  input  from  the  Army  other  than 
*  basic  global  design  requirements  and  goals.  One  example  of 

the  program  direction  is  that  in  the  develt^tment  phase,  the 
contractor  was  using  a  poured  foam-type  liner  which 
USAARL  identified  as  a  component  that  failed  to  meet  impact 
standards.  The  use  of  this  liner  was  continued  throughout 
development  because  of  its  superior  stability  attributes, 
especially  since  helmet  stability  was  a  recognized  critical 
factor  in  helmet-mounted  sighting  issues.  Our  engineers  often 
were  perceived  as  a  thorn  in  the  side  throughout  development. 
Only  when  the  Apache  was  ready  to  be  fielded  and  initial  key 
personnel  training  commenced  did  the  contractor  come  out 
with  the  true  proposed  liner.  We  impact  tested  the  helmet 
with  the  new  liner  design  and  it  passed  with  only  minor 
problems.  However,  we  did  identify  fitting  problems  with  this 
liner,  both  in  the  lengthy  2.S-hour  fitting  process  and  the 
requirements  for  multiple  subsequent  fittings  to  relieve  hot 
spots  experienced  by  the  pilots.  Both  the  contractor  and  the 
program  manager  denied  difficulty  in  this  process  and  stated 
the  Army  had  no  experience  in  the  complexity  of  such  an 
advanced  system.  Fitting  was  cfficially  declared  satisfactory. 


USAARL  volunteered  its  services  to  become  the  first  U.S. 
Army  helmet  fitters.  The  ALSERP  laboratory  became  the 
initial  fitting  station  for  the  AH-64  transition  course  and  also 
became  the  contact  point  for  helmet  materiel  problems  relating 
to  the  IHADSS  [19].  During  the  fielding  of  the  AH-64  at  Fort 
Rucker,  USAARL  was  fitting  two  sessions  of  pilot  classes 
once  a  week  and  noted  the  continued  problems  in  fitting  this 
population  with  the  size  regulv  or  luge  IHADSS.  First,  we 
assessed  the  helmet  and  found  that  it  had,  indeed,  been  manu¬ 
factured  to  the  specification.  Then,  we  assessed  the  pilot 
population  and  found  the  1970  anthropoirKtric  data  used  for 
the  specification  did  not  reflect  the  pilot  population  entering 
the  AH-64  training  program.  USAARL  then  funded  a  world¬ 
wide  survey  of  all  attack  pilots  in  the  Army  and  found  the 
head  anthropometry  of  theM  pilots  was  close  to  a  full  centi¬ 
meter  larger  in  the  99th  percentiles  of  the  1970  data  identified 
in  the  specification.  Farther,  the  M-43  protective  mask  was 
designated  as  the  protective  mask  of  the  Apache  program  and 
it  had  to  fit  the  pilot’s  bead  under  the  helmet  which  added  a 
new  delu  to  the  head  dimennons.  The  study  showed  that  9.6 
percent  of  the  population  would  have  dif^ulty  fitting  the 
IHADSS  alone,  and  29.S  percent  of  the  pilot  population  would 
have  difficulty  fitting  into  the  IHADSS  while  wearing  the 
M-43  protective  mask  [20].  USAARL  completed  the  research 


and  provided  the  criteria  for  the  extra-large  IHADSS  helmet 
currently  in  service. 

Participation  in  the  AH-64  program  continues  through  the 

ALSERP.  A  fatal  mishap  in  January  1992  revealed  a  possible 

design  flaw  in  an  overhead  circuit  breaker  panel.  Although 

not  a  contributing  factm  in  the  fatality,  the  undesirable 

fiangibility  of  this  overhead  panel  was  noted  as  a  failure  for  ^ 

the  third  time  out  of  three  AH-64  accidents  by  the  ALSERP 

investigators  at  the  accident  site.  The  possibility  of  this  panel 

causing  injury  clearly  is  present.  ALSERP  has  forwarded 

information  on  this  hazard  to  the  program  manager’s  office 

and  action  officers  are  including  this  issue  in  the  next  System 

Safety  Working  Group  where  redesign  of  the  connection 

points  will  be  directed.  Qearly  this  is  not  an  ALSE  issue,  but 

it  was  explored  due  to  its  possible  interface  with  the  helmet 

worn  by  the  crewmember. 

The  Army’s  latest  effort  is  the  development  of  the  Light 
Helict^ter  Experimental  (LHX),  later  designated  the  RAH-66 
Comanche  helicopter.  This  aircraft  is  designed  to  fulfill  the 
missions  of  scout  and  light  attack.  Unlike  the  Apache 
program,  USAARL  participation  in  the  Statement  of  Woric,  the 
setting  of  program  requirements,  and  the  Source  Selection 
Board  were  not  only  actively  sought,  but  have  been  and 
continue  to  be  funded  by  the  Comanche  program  manager.  , 

USAARL  provided  criteria  in  the  form  of  a  leptnt  defining 
health  hazard  issues  in  the  helmet  integrated  display  and 
sighting  system  (HIDSS)  for  the  LHX  [21].  This  report  was 
used  by  the  competing  teams  in  the  conceptual  development 
of  their  respective  candidate  helmet  technologies.  Innovative 
approaches  to  headbome  visionics  and  head  protection  were 
explored  and  presented  by  the  competitors.  USAARL 
responded  by  considering  these  new  approaches  and  modified 
the  Army’s  requirements  to  address  and  allow  exploration  and 
development  of  these  new  concepts  and  devices.  The  "Revi¬ 
sion  for  the  Health  Hazard  Issues  in  the  Helmet  Integrated 
Display  and  Sighting  System  (HIDSS)  for  the  Light  Helicopter 
Experimental  (LHX)"  [22]  was  published  in  September  1988 
and  allowed  contractors  to  benefit  from  their  exploration.  As 
of  March  1992,  major  issues  of  concern  in  the  helmet  arena 
fix'  this  program  remain  the  visionics,  crashworthiness, 
acoustics,  helmet  retention,  and  protective  visors.  USAARL 
and  ALSERP  team  members  currently  are  full  members  of  the 
Crew  Station,  Helmet,  Airframe,  MANPRINT,  and  System 
Safety  Working  Groups  of  the  program. 

CONCLUSIONS 

The  investigation  and  identification  of  cause  factors  in 
aviation  accidents  are  only  the  first  steps  in  providing  what 
should  be  expected  from  a  safety  assessment  The  presenta¬ 
tion  of  clear  injury  data  used  to  substantiate  design  improve¬ 
ments  and  the  exploration  of  design  alternative  concepts 
should  be  the  goal  of  each  program.  The  ALSERP  strives  to 
meet  these  goals  throughout  the  ALSE  spectrum.  Cost  benefit 
BiuUysis  jUDvides  the  basis  for  crashworthiness  improvements 
and  has  led  to  design  "firsts"  in  crashworthy  seating,  air- 
craft/airfiame  crashworthiness,  new  requirements  in  head 
protection,  human  anduopometric  design  requirements  for 
optimized  performance  and  survivability,  inertia  reel  and  seat  i 

restraint  system  direction,  and  ctmsiderations  for  helmet  design 
relating  to  stability  required  for  helmet-mounted  displays. 

Franpbility  of  aircraft  structure  and  the  associated  mechanical 
insult  now  are  included  in  the  systems  approach  to  cockpit 
design  due  to  accurate  substantiated  health  hazard  identifica¬ 
tion.  Regulatory  authority  to  retrieve  material  matched  with 
a  tested  process  of  data  collection  and  the  required  member¬ 
ship  of  varied  disciplines  in  the  investigation  guarantee  the 


J, 


overall  program  success  and  validity.  The  unsolicited  request 
for  assistance  by  the  program  office  responsible  for  the 
development  of  the  next  generation  of  U.S.  Army  Helicopter, 
the  RAH-66  Comanche,  illustrates  the  maturity  and  the  utility 
of  this  program  to  our  target  audience,  U.S.  Army  aviation. 
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APPENDIX  A. 

ALSfc'RP  Helmet  Review  Form 


1-No  deformation  S-Moderate  deformation 

2»Slight  deformation  4-Severe  deformation 


38.  Left  front 


1 

tiSAARL  case  no. 

39. 

Frant 

2. 

USASCcase  no. 

40. 

3 

Aircraft  tvoe 

41. 

4 

1  ast  name  of  wearer 

42. 

Real 

5, 

SSN 

43. 

Left  rear 

6. 

Wearer's  aoe 

44. 

Helmet  available?  Yes 

7, 

Helmet  tvoe 

surface  informatipn; 

8 

Helmet  rrianulaclurer 

Im*  Con*  Fla!  Wedge 

pact  cave 

no.  (1)  (2)  (3) 

Box 

Hemi- 

Rod 

Un- 

Impact  Object 
angle  struck 
(8)  (9) 

9- 

Helmet  contract  no. 

corner 

(4) 

sphere 

(S) 

(6) 

krtown 

(7) 

10. 

P  lion  of  wearer  in  aircraft  at  time  of  impact: 

45 

Pilot  coDilOl 

46. 

Passenger:  left  middle 

rioht 

47. 

11. 

.Rear  onentation  (facing):  forward 

side _ 

48. 

rear _  49. 


1 2.  Was  this  acddeni  fatal  to  the  helmet  wearer?  Yes _ no _ 

50-  Were  there  any  impaL  ^  io  the  helmet?  Yes _  no 


13.  Were  head,  neck,  or  facia)  injuhes  present?  Yes _  no _ 

14.  Was  the  primary  cause  of  death  a  head.  neck,  or  facial  injury? 

Yes _ no _ 

1 5  Might  a  future  operaiiorwtlly  feasible  Pesicn  or  materia)  modificalion  to  the  helmet 
likely  prevent  the  most  serious  injuries?  (i.e..  so  that  fatal  cases  might  become 
nonfatai  arxJ  rtonlatal  cases  might  have  their  MAlS  code  reduced  by  one  or 
more) 

Yes _  fw _ 

16.  What  operationally  feasible  modification  to  the  helmet  would  be  recommended 
by  fhe  irispecoori  team? 


List  01  head,  neck,  ar^  face  injuries 


17, 

#1-  ICO  code. 

AIS  code: 

18 

#2*  ICO  code: 

AlS  code: 

19. 

#3'  ICO  code. 

AIS  code 

20. 

#4'  ICO  code: 

AlS  code 

21, 

«5-  ICO  code; 

AIS  code 

22 

#6-  ICD  code; 

AIS  code. 

23. 

#7-  ICO  code; 

AIS  code. 

24 

#8-  ICO  code. 

AIS  code: 

25 

#9-  ICO  code 

AIS  code. 

26. 

Head.  neck,  face  maximum  abbreviated  injury  scale  (MAIS)  _ 

27 

Did  the  helmet  come  oft  the  wearer's  head? 

Yes  no 

Unknown 

26 

Chinstrao  failure?  Yes 

_  no _ 

29 

Retention  system  attachment  ooint  failure?  Yes  r 

30 

Earcuo  damaoe?  Yes 

_ _  no _ 

_ 

31 

Visor  position  at  impact 

Do  down 

_ unknown 

N  V 

32 

Was  visor  broken’  Yes _ 

_ _  no _ _ 

— 

List  injuries  c^jsed  bv  broken  visor: 

33 

#1-  ICO  code 

AIS  code; 

34 

#2-  ICO  code 

AIS 

35 

#3-  (CD  code; 

AIS  code: 

36 

#4-  ICO  code 

AIS  code; 

37 

Old  helmet  rotate  and  expose  head  to  injury’ 

Yes _ _  _  . 

Impact  tocation:  (Impact  no.  and  dar^aoe  code  in  aporooriate  blank) 


D-detamination  F-fracture  P-puncture 

MM-material  missing 

G-gouge 

AmsignifScant  abrasion  4mm 

ND-no  damage 

51. 

Crown. 

Front 

— 

52 

Left  side 

_ 

53. 

Right  side 

— 

54. 

Rear 

— 

55. 

Front: 

Lett 

— 

56. 

Right 

— 

57 

Left  side: 

Front 

_ 

58 

Rear 

_ 

59. 

Rght  side: 

Front 

— 

60. 

Rear 

— 

61 

Rear 

Left 

— 

62- 

Right 

— 

63 

Ur>compressed  thickness  of  foam  imer:  _ 

_  cm. 

Permanent  foam  comoression: 

Impact 

Major 

Minor 

Percent  compression  at 

No 

axis 

axis  Area 

greatest  point 

(cm) 

(cm)  (cm*) 

64.  _  _  _  _ 

65.  _  _  _  _ 

66.  _  _  _  _ 

67  _ _  _  _ 

68  _  _  _  _ 

69  Intact  simulation  possible?  Yes _  r>o 

•emarks: 


(look  down  into  helmet) 
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I.  SUMMARY 

Accident  investigation  records  at  the  U.S.  Army  Safety  Center 
were  examined  to  determine  the  frequency  of  gunner  injuries 
incurred  from  striking  the  optical  sighdng  systems  in  the 
Cobra  and  Apache  attack  helicopters  during  survivable 
mishaps.  Among  105  survivable  Cobra  crashes  during  1972- 
1990,  the  sighting  system  was  implicated  in  9  minor  and  5 
major  injury  cases,  and  6  fatalities  The  Apache  had  eigi- 
survivable  mishaps  since  1985,  with  only  one  gunner  fatality 
which  was  attributed  to  the  optical  relay  tube  (ORT).  In  this 
Apache  mishap  and  in  the  11  Cobra  cases  where  major  or 
fatal  injuries  occurred,  we  theorized  an  airbag  would  have 
prevented  serious  injuries. 

To  t  -olore  the  role  of  airbags  in  reducing  the  severity  of  head 
strikes,  we  conducted  32  sled  tests  with  and  without  airbags. 
In  all  tests  without  airbags,  head  strikes  of  the  test  manikin 
were  sufficiently  severe  to  cause  facial  fractures,  but  not 
necessarily  irreversible  brain  damage.  Airbags  proved 
effective  in  reducing  the  severity  of  head  strikes  against 
sighting  systems.  Using  mean  values  of  several  indicators  of 
injury  severity,  airbags  reduced  head  accelerations  by  65  per¬ 
cent,  head  injury  criteria  by  77  percent,  and  head  angular 
acce'eration  peak-to-peak  swings  by  76  percent  in  the  <5)bra 
tests.  In  the  Apache  tests,  the  aiibags  reduced  those  same 
indicators  by  68,  52,  and  83  percent,  respectively.  The  study 
concludes  that  an  airbag  system,  specifically  designed  for  the 
Apache  or  Cobra,  likely  would  prevent  severe  or  fatal  head 
and  chest  injuries. 


2.  INTRODUCTION 

The  U.S.  Army  first  introduced  the  AH-1  Cobra  into  combat 
service  in  1967  to  serve  as  an  attack  and  anttaimor  helicopter. 
Since  then,  the  Cobra  received  a  number  of  upgrades  to 
improve  its  performance  and  weapons  capability.  In  1985,  the 
Army  fieltM  the  AH-64  Apache  as  a  new  generation  attack 
helicopter  offering  marked  improvements  in  performance  and 
armaments,  and  an  ability  to  operate  at  night  and  in  poor 
weather  conditions.  Both  the  Q>bra  and  Apache  are  attack 
helicopters  designed  to  operate  in  a  high  threat  environment. 
Even  in  peacetime,  the  training  missions  for  these  aircraft 
subject  their  pilots  to  high  risks  of  injury. 

A  common  feature  of  both  aircraft  is  the  presence  of  a 
gunsight  in  the  ftont  cockpit  used  for  target  sighting,  ranging, 
and  dMignation  of  the  tube-launched,  optically  tracked,  wiie- 
^ided  (TOW)  or  Hellfire  missiles.  In  the  Cobra,  the  gunsight 
is  referred  to  as  a  telescopic  sighting  unit  (TSU)  and  in  the 
Apache,  it  is  an  optical  relay  tube  (ORT),  From  a  crash 
injury  viewpoint,  the  Apache  OR  I  differs  significantly  from 


its  counterpart  in  the  Cobra  n  two  areas:  Its  proximity  to  the 
gunner  and  its  breakaway  aesign,  a  feature  that  allows  it  to 
yield  to  excessive  forces  generated  by  the  striking  of  the 
crewmember’s  body  during  a  crash.  Because  of  the  pre>ence 
of  the  sighting  systems,  the  copilot/gunner  in  both  types  of 
helicopter  can  sustain  serious  or  fatal  injuries  if  his  upper 
body  strikes  the  gunsight  during  a  crash.  Of  particular 
concern  is  the  potential  for  serious  head  injury  from  head 
strikes  on  the  TSU  or  ORT. 

In  this  paper,  we  present  the  results  of  a  study  in  which  we 
address^  several  aspects  of  the  problem  of  head  strike  with 
the  sighting  system:  (a)  Accident  investigation  data  of  the 
U.S.  Army  Cobra  and  Apache  mishaps  in  which  the  sighting 
systems  were  implicated  in  the  gunner’s  injuries,  (b)  move¬ 
ment  of  the  gunner’s  belmeted  head  relative  to  the  sighting 
systems  during  simulated  (2obra  and  Apache  crashes,  (c) 
effectiveness  of  inertia  reels  and  restraint  systems  to  prevent 
head  strikes,  and  (d)  usefulness  of  rapidly  inflating  air  cush¬ 
ions  in  reducing  the  severity  of  head  strikes  on  the  gunsight 
system  during  crashes. 

3.  ACCIDENT  AND  INJURY  DATA 
Many  investigators  have  documented  injuries  occurring  in  U.S. 
Army  helicopter  crashes  in  numerous  studies  over  the  past  25 
years  [1-7].  The  studies  suggest  that  most  survivable  helicop¬ 
ter  crashes  involve  near  vertical  impacts  with  terrain,  and  most 
injuries  arise  from  forces  generated  along  the  vertical  axis. 
Consequently,  design  standards  for  crash  resistant  helicopters 
emphasize  r^ucing  crash  forces  along  the  helicopter’s  vertical 
axis.  Current  U.S.  Army  design  standards  require  fences  to 
remain  within  tolerable  Umits  at  all  occupiable  positions  ftn 
vertical  impacts  of  up  to  12.8  m/s  on  a  hard  surface  [8]. 

Human  tolerance  to  vertical  acceleration  generally  is  accepted 
to  be  limited  to  20-25  g  (I  g  =  9.80665  m/s’)  for  approximate¬ 
ly  100  ms.  Because  little  or  no  crushable  structure  exists  on 
the  bottom  of  standard  fuKlages  and  because  of  the  unpredict¬ 
ability  of  most  impacted  surfaces,  design  standards  require 
energy  attenuating  capability  be  provided  in  the  landing  gear, 
fuselage  floor,  aircraft  seating,  or  any  combination  of  the 
three.  Both  the  Apache  and  UH-60  Black  Hawk  helicopters 
incorporate  energy-absorbing  landing  gear  and  stroking  seats. 
As  w  will  discuss  below,  the  addition  of  these  features 
modifies  the  crash  pulse  of  these  helicopters  in  comparison  to 
other  noncrashwoithy  helicopters. 

Energy-absorbing  features  have  performed  extremely  well  in 
both  the  Apache  and  the  Black  Hawk  since  impacts  at  vertical 
velocities  in  excess  of  12.8  m/s  have  been  survivable  in  both 
helicopters.  Nevertheless,  significant  number  of  injuries  still 
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occur  in  survivable  crashes  of  these  helicopters.  A  recent 
review  of  injuries  sustained  in  Army  helicopter  crashes 
demonstrated  injuries  due  to  excessive  acceleration  are,  in 
fact,  reduced  in  Apache  and  Black  Hawk  crashes  compared  to 
other  helicopters  [7].  We  should  note  that  contact  injuries  in 
ail  helicopters  outnumbered  acceleration  injuries  by  a  ratio  of 
approximately  five  to  one.  Contact  injuries  are  produced  by 
secondary  collisions  that  occur  when  an  individual  strikes  or 
is  struck  by  an  object.  These  contact  injuries  are  caused  by 
inadequate  restraint,  collapsing  structure,  or  a  combination  of 
both  mechanisms. 

To  document  the  frequency  of  injuries  resulting  from  TSU  or 
ORT  strikes,  we  reviewed  accident  records  of  the  Cobra  and 
Apache  at  the  U.S.  Army  Safety  Center  (USASC).  These 
include  all  survivable  ground  impact  Cobra  mishaps  from 
1  January  1972  to  30  June  1990.  During  this  period,  105 
Cobra  crashes  were  classified  as  survivable  or  partially 
survivable  with  a  nonzero  vertical  velocity  at  terrain  impact. 
Of  these  crashes,  20  (19  percent)  result^  in  injury  to  the 
copilot/gunner  as  a  result  of  striking  the  TSU.  Six  individuals 
(6  percent  of  ail  crashes)  received  fatal  injuries,  another  five 
received  major  injuries,  and  nine  received  minor  injuries. 

In  the  six  fatal  Cobra  crashes,  the  gunner  who  sits  in  the  front 
seat  died  as  a  result  of  striking  the  TSU  (five  head  strikes  and 
one  chest  impact),  whereas  the  pilot,  who  sits  in  the  rear  seat 
away  from  the  TSU,  sustained  relatively  minor  injuries.  Even 
though  the  accident  reports  suggested  two  of  the  six  individu¬ 
als  failed  to  properly  tighten  their  upper  torso  harnesses,  we 
concluded  the  fatalities  would  not  have  occurred  in  the 
absence  of  the  TSU.  In  all  accidents  resulting  in  major  or 
fatal  injuries  from  striking  the  TSU  (a  total  of  II),  we  felt  an 
airbag  system  would  have  prevented  serious  injury. 

In  crashes  resulting  in  major  injury  from  TSU  strikes,  the 
mean  longitudinal  velocity  at  impact  was  more  than  twice  that 
of  those  that  did  not  involve  TSU  strikes;  20.6  m/s  versus 
8.72  m/s.  All  fatal  injuries  occurred  at  impact  longitudinal 
velocities  over  10.3  m/s  except  for  one  case  of  2.1  tn/s  where 
the  individual  reportedly  failed  to  tighten  his  upper  torso 
restraint.  Furthermore,  only  one  chest^ead  injury  occurred  at 
a  longitudinal  impact  velocity  of  less  than  5.2  m/s,  except  for 
the  one  case  described  above.  When  we  compared  vertical 
velocities  at  ground  impact  for  those  accidents  resulting  in 
major  or  fatal  injury  to  those  from  other  Cobra  accidents,  we 
found  no  significant  difference  (student  T-test,  p  >  .05) 
between  the  two  groups:  5.33  m/s  versus  3.47  m/s.  These 
findings  suggest  TSU  strike  injuries,  unlike  most  helicopter 
crash  injuries,  are  relatively  independent  of  the  vertical 
velocity  at  impKt  and  highly  dependent  on  longitudinal 
velocity. 

We  also  reviewed  mishap  records  of  the  Apache  covering  the 
period  since  its  fielding  in  1985  to  30  June  1990  and  found 
there  were  eight  survivable  ground  impact  mishaps.  Of  these, 
only  one  resulted  in  injury  to  the  copilot/gunner  as  a  result  of 
striking  the  ORT.  In  this  case,  the  crewmember  received  a 
concussion  and  facial  fractures,  and  the  estimated  vertical  and 
longitudinal  velocities  at  impact  were  9.44  and  2.56  m/s, 
respectively.  Also,  there  was  a  nonsurvivable  crash  of  an 
Apache  where  the  copikx/gunner  sustained  a  forehead  lacera¬ 
tion  when  he  struck  the  ORT.  The  estimated  vertical  and 
longitudinal  velocities  at  impact  in  that  case  were  15.5  and  1.1 
m/s,  respectively. 


Although  the  crash  experience  with  the  Apache  has  been 
limited,  the  ORT  clearly  presents  a  significant  hazard  to  the 
front  seat  occupant  in  spite  of  its  brealmway  design.  Further¬ 
more,  the  combination  of  energy-attenuating  landing  gear  and 
a  stroking  seat  in  this  helicopter,  and  the  closer  proximity  of 
the  ORT  compared  to  the  TSU,  makes  contact  with  the  ORT 
less  dependent  on  longitudinal  velocity  than  in  the  case  of  the 
Cobra.  If  this  hypothesis  is  correct,  we  can  anticipate  a  higher 


rate  of  gunsight  strikes  in  the  Apache  than  we  have  experi¬ 
enced  in  the  Cobra. 

An  additional  factor  to  consider  is  in  the  Apache:  The  impact 
energy-attenuating  design  of  the  airframe  modifies  the  impact 
forces  so  the  impact  duration  is  longer.  The  longer  duration 
results  in  slower  torso  motion  that  may  not  generate  the  2  to 
3  g  upper  torso  acceleration  required  to  activate  the  lock  on 
the  shoulder  harness  inertia  reels  in  time  to  prevent  a  head 
strike  on  the  ORT.  Therefore,  the  standard  2  to  3  g  setting  of 
the  shoulder  harness  inertia  reel  may  not  provide  the  appropri¬ 
ate  and  intended  level  of  protection  for  the  front  seat  occu¬ 
pants  in  the  Apache. 

One  remedy  to  the  head  strike  problem  would  be  to  adjust  the 
shoulder  harness  inertia  reel  in  order  to  activate  its  locking 
mechanism  earlier  in  the  impact  sequence,  thus  reducing  the 
forward  movement  of  the  torso  and  head.  Another  would  be 
to  install  a  rapidly  inflating  air  cushion  placed  between  the 
head  and  the  sighting  system  and  tailored  so  as  not  to  interfere 
with  the  normal  operation  of  the  controls.  The  airbag  can  be 
deployed  rapidly  by  means  of  a  sensor  and  diagnostic  system 
sensing  the  impact  accelerations  of  the  aircraft  striking  the 
ground. 

4.  MATERIALS  &  METHODS 

We  conducted  tests  for  this  study  in  two  phases;  The  first  in 
October  1988,  and  the  second  in  Octolw-November  1989. 
The  tests  were  conducted  at  the  Naval  Biodynamics  Labora¬ 
tory  (NBDL)  using  a  horizontal  linear  accelerator  sled  to 
simulate  the  desired  crashes. 

4.1  Cockpit  Hardware 

To  perfoim  multiple  impact  tests  and  observe  the  interaction 
of  the  test  subject  in  the  front  seat  environment  of  the  Cobra 
and  Apache,  we  fabricated  test  devices  using  a  combination  of 
actual  aircraft  hardware  and  an  adjustable  support  structure. 
The  aircraft  hardware  u  -ed  for  the  Cobra  tests  included  the 
distal  section  of  the  TSU,  the  Cobra  restraint  system  with  the 
inertia  reel,  and  the  Cobra  armored  seat  and  bottom  seat 
cushion.  We  also  included  the  back  seat  cushion  in  the  test 
structure. 

The  cockpit  support  structure  was  designed  to  permit  quick 
reconfiguration  of  test  hardware  and  modifications  of  the 
impact  parameters.  The  structure  included  a  hinge  at  one  end 
to  allow  for  different  pitch  orientations.  On  horizontal  sleds 
such  as  the  one  used  at  NBDL  for  this  project,  vertical 
impacts  are  simulated  by  placing  the  seated  subject  with  the 
seat  back  nearly  parallel  to  the  horizontal  tracks.  Since  the 
manikin  longitudinal  spinal  axis  is  laid  along  the  seat  back, 
the  direction  of  the  impact  vector  relative  to  the  spine  is  equal 
to  the  angle  between  the  seat  back  and  the  sled  tracks. 

An  overall  view  of  the  setup  for  tests  with  the  Cobra  and  TSU 
is  shown  in  Figure  1 .  The  hardware  used  in  the  Apache  tests 
included  the  full  Apache  energy-absorbing  crew  seat  and  seat 
cushions,  the  Apache  restraint  system  with  the  iiKttia  reel,  and 
the  distal  direct  viewing  section  of  the  ORT.  The  bottom 
section  of  the  ORT  that  contains  the  ORT  contn^  box  and  a 
CRT  were  simulated  using  a  specially  fabricated  box  with  lead 
wei^ts  to  duplicate  the  actual  structural  weight  An  overall 
view  of  the  Apache  test  setup  is  shown  in  Figure  2  with  the 
ORT  installed  in  the  front  portion  of  the  test  fixture. 

The  mount  of  the  ORT  was  designed  to  coll^rse  when  the 
impact  force  exceeded  400  pounds.  To  retain  the  frangibility 
of  the  ORT  in  the  test  fixture  while  providing  a  reusable  test 
apparatus,  the  original  mounting  b^ts  that  held  the  upper 
portion  of  the  relay  tube  to  its  base  were  sulmituted  with 
nylon  screws  selected  to  fail  in  shear  and  to  be  easily  re¬ 
placed.  The  4(X)-lb  collapse  direshold  was  verified  by  testing 
the  new  assembly  in  static  compression. 
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Figure  1.  View  of  the  setup  for  the  Cobra  telescopic 
sighting  unit  35-cl^ree  sled  test. 


Figure  2.  View  of  the  setup  for  the  Apache  optical  relay 
tube  35-degree  sled  test. 


manikin  with  a  nominal  weight  of  80  kg  and  a  stature  of  178 
cm.  This  manikin  was  designed  in  the.early  1970s  to  improve 
the  biofidelit}'  of  impact  response  of  the  U.S.  Department  of 
Transportation  standard  (Part  572)  anthropomorphic  test 
device,  referred  to  as  Part  572  ATD.  The  manikin  was 
dressed  in  an  Army  flight  suit  and  boots,  and  its  head  fitted 
with  either  the  SPH-4  aviator  helmet  for  the  Cobra  tests  or  the 
integrated  helmet  and  display  sighting  system  (IHADSS) 
helmet  for  the  Apache  tests.  Although  the  manikin  had  a 
usual  Hybrid  HI  neck,  the  head  itself  was  trodified  from  a 
Part  572  head  to  allow  the  use  of  a  frangible  face,  an  element 
designed  and  fabricated  at  NBDL. 

The  frangible  face  consisted  of  a  core  of  foam  and  aluminum 
mesh  covered  by  a  15-mil  (0.381  mm)  thick  aluminum  witness 
plate,  all  covert  by  a  silicon  rubber  humanoid  skin.  This 
iaot  was  mounted  on  the  manikin  head  which  had  its  face 
removed  and  a  flat  mounting  plate  welded  in  its  place.  When 
the  face  impacted  a  structure  during  a  test,  the  undeilying 
foam  and  aluminum  structures  deformed  pemumently.  Post¬ 
test  examination  of  the  face  indicated  whether  or  not  the  face 
(i.e.,  head)  struck  the  ORT  ch'  TSU.  Additional  indication  of 
any  head  contact  with  the  viewing  structure  was  obtained  by 
rubbing  blue  chalk  over  potential  strike  locations  of  the  ORT 
and  TSU.  Upon  the  completion  of  a  test,  any  blue  chalk 
marks  found  on  the  face  indicated  a  head  strike. 

4.4  Airbag  Hardware 

In  the  second  phase  of  this  project,  the  standard  restraint 
system  was  supplemented  with  an  air  cushion  system  mounted 
at  a  convenient  location  on  the  ORT  or  TSU.  Our  goal  in  this 
phase  was  to  explore  the  concept  of  using  air  cushions  to 
improve  the  effectiveness  of  the  current  restraint  system  in 
reducing  the  severity  of  head  strikes  on  the  sighting  system 
during  crash  tests. 

We  selected  an  off-the-shelf  and  locally  available  automotive 
airbag  system.  The  system  was  a  driver’s  side  airbag  for  the 
Honda  Motor  Comp, my  supplemental  restraint  system  of  its 
Acura  Legend  model.  Since  our  objective  was  to  demonstrate 
the  concept  and  not  to  develop  a  customized  version  of  the  air 
cushion,  we  only  added  minimal  modifications  to  the  external 
mounting  hardware  to  allow  the  airbag  to  function  as  intended. 
For  example,  the  automotive  airbag  used  in  the  tests  was 
designed  to  take  advantage  of  the  steering  wheel  rim  to 
provide  a  back  support  during  its  inflation  and  potential 
driver’s  head  and  chest  n»vements  into  it.  Because  neither 
the  TSU  nor  ORT  had  such  a  rim,  it  was  necessary  for  us  to 
fabricate  and  install  a  reaction  plate  that  provided  the  back 
support  needed  for  proper  functioning  of  the  airbag.  Eventual¬ 
ly,  airbags  would  have  to  be  custom-tailored  to  the  specific 
cockpit  environment  without  unduly  interfering  with  the 
copilot  controls. 


4.2  Restraint  System 

One  of  our  objectives  in  conducting  this  study  was  to  examine 
the  ability  of  the  restraint  system,  including  the  MA-8  rate 
sensitive  inertia  reel,  to  prevent  head  strikes  on  the  sighting 
system  during  crashes  wten  the  inertia  reel  was  placed  in  the 
automatic  m^.  We  did  this  in  two  ways.  First,  we  ran  tests 
at  two  lock  activation  settings;  1.2-1. 8  g  (nominally,  a  1.5  g 
setting),  and  1. 5-3.5  g  (nominally,  a  2.25  g  setting).  These 
levels  refer  to  the  linear  acceleration  of  the  strap  as  it  unwinds 
from  the  inertia  reel. 

As  an  alternative  approach  to  changing  the  locking  paraiTKters, 
we  used  the  MA-10,  a  new  type  of  inertia  reel  which  has  a 
dual  acceleration  sensing  system.  One  part  of  this  system 
operates  much  like  the  standard  (i.e,  MIL-4-8236)  MA-6  and 
MA-8  reels.  This  was  set  to  lock  at  1. 2-1. 8  g  linear  accelera¬ 
tion  of  the  unwinding  strap.  The  second  part  of  the  MA-10, 
which  senses  the  impact  accelerations  of  die  seat  pan,  was  set 
to  activate  the  lock  at  4-5  g  in  the  x-  or  z-axis. 

4..3  Test  Manikin 

The  test  subject  was  a  50th  percentile  Hybrid  III  autonxitive 


4,5  Documentation 

Two  onboard  high-speed  film  cameras,  each  running  at  500 
frames/second,  were  used  to  record  the  motion  of  the  manikin 
head,  the  restraint  system,  head  strikes,  and  airbag  deploy¬ 
ment.  One  camera  was  mounted  on  the  left  side  of  the 
while  die  second  was  mounted  above  and  behind  the  seat  in 
order  to  view  the  manikin  head  and  shoulder  and  the  unwind¬ 
ing  of  the  shoulder  strap  out  of  the  inertia  reel.  In  the  second 
phase  of  testing,  these  cameras  were  supplemented  by  a  200 
frames/second  video  camera  for  quick  look,  and  two  1000 
fnmes/second  film  cameras,  all  placed  offboard. 

Head-mounted  accelerometers  were  used  in  both  phases  of 
testing  to  record  linear  triaxial  accelerations  of  the  head.  In 
the  second  phase,  two  angular  accelerometers  were  added  to 
record  head  roll  about  its  forward  axis  and  pilch  about  its 
lateral  axis.  In  all  tests,  sled  acceleration  was  recorded. 
Whenever  possible,  the  unwinding  of  the  shoulder  strap  out  of 
the  iiteitia  reel  was  monitored  using  a  string  potentiometer. 
The  potentiometer  was  installed  near  the  inertia  reel  housing 
and  its  strinp  end  attached  to  a  convenient  point  on  the 
moving  strap. 


44-4 


4.6  Analysis  methods 

Two  primary  categories  of  data  were  generated  during  the 
testing:  tran^ucer  signals  am)  high-speed  rilms.  Less  formal 
but  equally  infotmadve  were  the  observations  recmded  on  the 
spot  during  eiKh  test  by  the  invesdgattHS  and  still  photographs 
which  were  taken  at  various  stages  of  each  test  High-sp^ 
films  provided  visual  records  of  the  impacts  and  were  re¬ 
viewed  to  identify  hardware  failures  and  to  understand  the 
interaction  between  the  manikin  and  the  restraint  system. 

Transducer  data  were  the  primary  basis  for  assessing  the 
severity  of  head  strikes  with  the  sighting  systems  and,  hence, 
the  success  or  failure  of  the  restraint  system.  Each  signal  was 
digitized  at  the  rate  of  8000  samples  per  second,  and  filtered 
using  low-pass  4-pole  ButterworA  digital  filters  at  one  of  the 
following  comer  frequencies:  1650  Hz  for  head  linear 
accelerations,  100  Hz  for  sled  pulses  and  head  angular 
accelerations,  and  300  Hz  for  shoulder  belt  extension  signals. 

Further  signal  processing  included  integration  of  sled  accelera¬ 
tion  pulse  to  produce  a  velocity  time-history,  from  which  the 
velocity  change  could  be  extracted.  Head  accelerations 
includ^  the  forward,  lateral,  and  longitudinal  components,  as 
well  as  their  resultant,  defined  as  the  point-by-point  square 
root  of  the  sum  of  the  squared  components.  Ibe  head  injury 
criterion  (HlC)  also  was  derived  from  the  resultant  head 
acceleration.  Angular  accelerations  of  the  head  (pitch  and 
roll)  were  integrated  to  produce  angular  velocities. 

Belt  extension,  obtained  with  a  potentiometer,  was  differen¬ 
tiated  with  respect  to  time  to  produce  the  rate  (m/s)  at  which 
the  belt  was  unwinding  from  the  inertia  reel.  In  the  absence 
of  direct  transducer  measurement,  a  second  differentiation  was 
done  to  produce  the  acceleration  (g)  at  which  the  belt  was 
moving.  Belt  acceleration  triggers  the  lacking  ittechanism  in 
both  the  MA-6/8  and  the  MA-10.  Linear  acceleration  ob¬ 
tained  by  differentiation  is  noisy  and  must  be  heavily 
smoothed  before  a  recognizable  signal  is  produced. 


5.  RESULTS  AND  EVALUATION 
In  general,  vertical  impacts  were  simulated  on  horizontal  sleds 
by  aligning  the  sent  back  with  the  hrxizontal  sled  tracks. 
Because  of  gravity,  the  downward  weight  of  the  manikin 
combined  with  the  acceleration  forces  to  produce  a  thrust 
vector  which  slightly  itKlined  relative  to  die  sled  hmizonal 
axis.  Therefore,  to  generate  impact  forces  along  the  manikin 
spinal  (longitudinal)  axis,  the  seat  was  rotated  by  an  offset 
angle  determined  by  the  average  sled  acceleration.  A  seat 
back  angle  of  5  degrees  with  die  horizontal  was  considered 
adequate  compensation  for  the  effect  of  gravity  in  our  tests. 
Three  directions,  defined  by  seat  back  an^s  of  5,  20,  and  35 
degrees  with  respect  to  the  tracks,  were  designed  to  generate 
impact  forces  directed  0,  15,  and  30  degrees,  respectively, 
from  the  spinal  axis. 

5.1  Description  of  Tests 

Two  crash  severities  were  simulated.  The  two  acceleration 
pulses  selected  differed  primarily  in  the  inagnitudes  of  the 
acceleration  (25  and  7  g  nominal  peaks)  while  essentially 
maintaining  the  same  velocity  of  11-12  m/s.  The  25-g  pulse 
simulated  a  severe  but  survivable  crash.  The  7-g  pulse  was 
intended  to  simulate  the  first  70-80  ms  portion  of  a  collapsing 
load-limiting  landing  gear  where  the  acceleration  dwells  at  the 
7-g  level.  In  a  typical  crash  involving  the  landing  gear,  the 
long-duration,  low-level  pulse  may  be  followed  by  a  50-100 
g  peak  pulse  which  is  generated  as  the  landing  gear  bottoms 
out.  Since  this  complex  acceleration  pulse  was  not  achievable 
with  the  NBDL  sl^  we  deemed  it  was  more  important  to 
simulate  the  early  portion  of  the  impact  with  the  available 
sled.  Tests  that  did  not  involve  the  airbag  are  listed  in  Table 
1  for  the  Cobra  and  in  Table  2  for  the  Apache.  Tests  with 
repeated  or  similar  test  conditions  have  been  grouped  together 
even  though  they  may  have  been  conducted  in  a  different 
order,  as  reflected  by  their  test  reference  numbers. 


Table  1.  Summary  of  conditions  and  results  of  the  inertia  reel  tests  with  the  Cobra  telescopic  sighting  unit. 


Test 

reference 

number 

Sled  pulse 

Pitch 

angle 

(deg) 

Head  resultant 
acceleration 

Angular 

acceleration  swing 
at  impact 

Angular  velocity 
swing  at  impact 

Accel¬ 

eration 

(G) 

Veloc¬ 

ity 

(m/s) 

Peak 

(G) 

Head 

injury 

criterion 

Roll 

(rad/s*) 

Pitch 

(rad/s') 

Roll 

(rad/s) 

IIQH; 

LX6f96 

19.6 

11.1 

5 

42.4 

157 

305 

3  010 

2.1 

30.5 

LX6197 

19.0 

11.0 

5 

43.3 

119 

455 

3  680 

3.0 

35.2 

LX6198 

19.6 

11.0 

5 

40.3 

102 

505 

3  935 

3.1 

32.8 

LX6199 

23.5 

12.0 

5 

60.6 

249 

995 

5  600 

4.0 

40.8 

LX6200 

23.4 

12.0 

5 

65.7 

250 

805 

5  250 

3.6 

43.2 

U6201 

23.4 

12.0 

5 

49.8 

245 

700 

5  505 

51 

40.0 

LX6203 

25.0 

12.3 

35 

138.3 

•* 

3  000 

17  000 

13.9 

79.5 

LX6204 

25.0 

12.3 

35 

128.8 

1  244 

2  720 

11  500 

8.6 

61.0 

LX6274 

25.0 

11.1 

35 

86.9 

498 

1  295 

10  320 

4.5 

73.6 

LX6275 

25.0 

11.1 

35 

141.8 

594 

4  160 

18  560 

8.4 

86.5 

LX6276 

25.1 

11.2 

35 

195.0 

615 

1  425 

8  700 

6.2 

54.4 

I  **  Data  unavailable.  | 
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Table  2.  Summary  of  conditions  and  results  of  the  inertia  reel  tests  with  the  Apache  optical  relay  tube. 


Test 

reference 

number 

Sled  pulse 

Pitch 

angle 

(deg) 

Head  resultant 
acceleration 

Angular  acceleration 
swing  at  impact 

Angular  velocity  1 
swing  at  impact  | 

Accel¬ 

eration 

(G) 

Veloc¬ 

ity 

(m/s) 

Peak 

(G) 

Head 

injury 

criterion 

Roll 

(rad/s^) 

Pitch 

(rad/s^) 

Roll 

(rad/s) 

Pitch  1 
(rad/s)  1 

LX6208 

7.7 

10.7 

35 

93.5 

159 

1  550 

14  000 

4.8 

50.4  1 

LX6209 

6.7 

10.7 

35 

31.8 

42 

535 

6  040 

3.0 

48.0  j 

LX6210 

6.8 

10.7 

35 

27.4 

35 

580 

5  840 

2.6 

41.6  1 

LX6211 

6.8 

10.7 

35 

39.9 

51 

695 

7  420 

2.5 

48.0  1 

LX6212 

6.8 

10.8 

35 

26.2 

27 

505 

7  020 

1.3 

3:5  1 

LX6213 

6.8 

10.7 

35 

35.4 

55 

695 

7  440 

2.9 

51.2  j 

LX6277 

8.9 

10.8 

35 

52.6 

82 

1  040 

6  800 

2.3 

40.8  1 

LX6283 

25.9 

11.4 

35 

251.4 

1  357 

3  970 

124  000 

15.2 

54.4 

LX6214 

6.8 

10.8 

20 

80.5 

126 

855 

16  000 

2.5 

46.5 

LX6215 

6.8 

10.7 

20 

53.0 

68 

600 

8  880 

2.6 

49.6 

LX6216 

6.8 

10.7 

5 

70.5 

99 

11  070 

11  600 

3.0 

47.2 

LX6217 

6.7 

10.8 

5 

15.8 

•* 

** 

** 

•* 

** 

**  Data  unavailable  or  clearly  inaccurate. 


Table  3.  Summary  of  conditions  and  results  of  G-triggered  airbag  sled  tests  simulating  35-degree  impact. 


Test 

refer¬ 

ence 

number 

Sled  pulse 

Tested 

system 

Head  resultant 
acceleration 

Angular  acceleration 
swing  at  impact 

Angular  velocity 
swing  at  impact 

Accel¬ 

eration 

(G) 

Veloc¬ 

ity 

(m/s) 

Peak 

(G) 

Head 

injury 

criterion 

Roll 

(rad/s^) 

Pitch 

(rad/s*) 

Roll 

(rad/s) 

Pitch 

(rad/s) 

LX6270 

20.3 

10.8 

Cobra  TSU 

43.2' 

207* 

830 

2  815 

4.9 

29.4 

LX6271 

23.2 

11.5 

Cobra  TSU 

43.6* 

190* 

575 

3  840 

6.5 

23.2 

LX6272 

25.0 

11.2 

Cobra  TSU 

42.7* 

133* 

1  840 

3  020 

11.2 

15.6  1 

LX6273 

24.7 

11.1 

Cobra  TSU 

52.9* 

168* 

1  470 

** 

6.8 

**  I 

LX6278 

6.7 

9.0 

Apache  ORT 

13.0 

26 

465 

1  500 

2.9 

8.0  1 

LX6279 

7.1 

9.3 

Apachu  ORT 

14.6 

35 

470 

1  100 

1.7 

4.6  1 

LX6280 

27.8 

11.7 

Apache  ORT 

210.4 

1  566 

2  350 

11  440 

15.4 

40.8  1 

LX6281 

25.5 

11.3 

Apache  ORT 

67.7 

398 

1  280 

3  650 

13.4 

LX6282 

25.6 

11.7 

Apache  ORT 

95.7 

569 

1  840 

6  600 

14.6 

34.8  1 

*  Actual  peak  slightly  higher  than  indicated. 
“  Data  unavailable  or  clearly  inaccurate. 


Results  of  Tests 

Detailed  results  of  the  tests  may  be  found  in  a  recent  U.S. 
Army  Aeromedical  Research  Laboratory  (USAARL)  technical 
report  (9J.  Selected  response  parameters  are  summarized  in 
Tables  1,  2,  and  3.  These  include  peak  resuluuit  linear 
acceleration  of  the  head  and  the  computed  HIC.  The  head 
angular  motion  is  reported  in  the  tables  as  the  "swing" 
between  the  low  and  high  nearest  the  time  of  head  strike. 
Swings  of  angular  accelerations  (rad/s^  and  velocities  (tad/s) 
are  ululated  for  both  roll  and  pilch.  Head  pitch  is  defined  as 
a  rotation  of  the  head  about  its  lateral  (Y)  axis.  Head  roll  is 
defined  as  a  rotation  of  the  head  about  its  forward  (X)  axis. 


Valid  measurements  of  the  amount  of  extension  of  the 
restraint  belt  out  of  the  inertia  reel  are  listed  in  Tables  4,  S, 
and  6.  When  signal  processing  results  did  not  agree,  within 
reasonable  tolerance,  with  observations  foom  high  speed 
films,  the  measurements  were  discarded  as  erroneous.  In 
many  tests,  it  was  possible  to  estimate  the  belt  extension  from 
Him  analysis  by  relying  on  the  checkered  pattern  attached  to 
the  belt.  In  fact,  this  was  the  only  method  available  for 
measuring  the  belt  extension  when  the  signal  from  the  string 
potentiometer  was  clearly  in  error  (because  of  a  breakdown  in 
the  instrumentation). 
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Table  4  Restraint  system  and  manikin  interaction  with 


the  TSU  in  the  Cobra  tests. 


Test 

number 

Inertia  reel 

Belt 

extension 

(cm) 

Head/heimet 

strikes 

(film  analysis) 

Type 

Lock 

setting 

(G) 

LX6196 

MA-6/8 

2-3 

1.5’ 

None. 

LX6197 

MA-6/8 

1-2 

30 

None. 

LX6198 

MA-10 

1 -2,4-5 

6.5 

None 

LX6199 

MA-10 

1 -2/4-5 

2.0’ 

Helmet  (minor). 

LX6200 

MA-6/8 

1-2 

8.0 

Helmet  (minor). 

LX6201 

MA-6.'8 

2-3 

10.8 

Face  (minor) 

LX6202 

•• 

•• 

•• 

Chin,  cheek. 

LX6203 

MA-tO 

1  -2,4-5 

17.5 

Right  cheek. 

LX6204 

MA-&8 

1-2 

*• 

Full  face. 

LX6274 

MA-6/8 

Prelocked 

3.5 

Full  face. 

LX6275 

MA-6/8 

Prelocked 

2.0 

Right  cheek. 

LX6276 

MA-10 

Prelocked 

11.0 

Full  face. 

■  Estimated  from  film  analysis 
"  Data  jnavailable  or  clearly  inaccurate. 


Table  5  Restraint  system  and  manikin  interaction  with 


the  ORT  in  the  Apache  tests. 


■^est 

n^iToer 

Inertia  reel 

Belt 

extension 

(cm) 

Head  helmet 

St  kes 

(film  analysis) 

Type 

Lock 

setting 

(G) 

LX6208 

MA-10 

1-24-5 

54' 

Full  face. 

LX6209 

MA-6/8 

2-3 

57’ 

Full  face. 

LX6210 

MA-6/8 

'-2 

7  0’ 

Full  face. 

LX6711 

MA-10 

1-24-5 

57’ 

Right  face. 

LX6212 

MA-68 

2-3 

12.0 

Lower  face 

LX6213 

MA-6.8 

1-2 

5,7’ 

Full  face. 

LX6277 

MA-10 

pteiocked 

4.9’ 

Full  face 

LX6283 

MA-10 

1-24-5 

21  8 

Head  imoact 

LX6214 

MA-10 

1-24-5 

45 

Left  face. 

LX6215 

MA  6,8 

2-3 

45 

Forehead 

LX6216 

MA-6/8 

1-2 

3,2’ 

Forehead. 

LX6217 

MA-10 

1-24-5 

_ !! _ 

Forehead 

'  Estimated  from  film  analysis 
'■  Data  unavailable  or  clearly  inaccurate 


Table  6  Restraint  system  and  manikin  interaction  with 
the  airbag  and  with  the  ORT  or  TSU 


Test 

number 

Inertia  reel 

Belt 

exten¬ 

sion 

(cm) 

Observations  from 
film  analysis 

Type 

Serial 

number 

LX6270 

MA-6,8 

•• 

59 

No  headiTSU  contact 

LX6271 

MA-10 

134 

46 

No  headfTSU  contact 

LX6272 

MA-10 

135 

•• 

No  head/TSU  contact 

LX6273 

MA-10 

137 

•• 

No  headTSU  contact 

LX6278 

MA-10 

139 

6.0 

Head/chest  (airbag) 

LX6279 

MA-10 

140 

54 

Head/chest  (airbag) 

LX6280 

MA-10 

141 

15.8 

Head  stnke  (ORT) 

LX6281 

MA-10 

141 

10.8 

Head  impact  (airbag) 

LX6282 

MA-tO 

12.9 

Head  impact  (aiibag) 

"  Data  unavailable  or  clearly  inaccurate 


Also  reported  in  Tables  4  through  6  are  qualitative  evaluations 
of  the  high-speed  films  of  the  tests  and  examinations  of  post¬ 
test  photographs.  All  test  films  were  reviewed  to  detect  and 
repon  unusual  events  which  could  help  explain  certain  signals 
or  the  final  outcome  of  some  tests.  Film  reviews  focused  on 
two  areas  of  concern:  the  extension  ol  the  restraint  belt  out 
of  the  inertia  reel,  and  the  head  strikes  with  the  TSU  or  ORT. 

Head  strikes  with  the  TSU  or  ORT  also  were  easily  detected 
from  the  head  acceleration  signals  and  by  posttest  examination 
of  the  frangible  face.  Figure  3  is  a  typical  exhibit  of  mild 
deformations  produced  by  the  tests.  Figure  4  shows  a  typical 
example  of  severe  deformations  by  the  tests.  Evidence  of 
head  strikes  in  some  ORT  tests  also  was  obtained  from  the 
shearing  of  the  nylon  screws  and  the  collapse  of  the  ORT  into 
its  base,  as  shown  in  Figure  5. 


Figure  3.  Exhibit  of  typical  mild  deformation  of  the 
manikin  frangible  face  produced  by  a  head 
strike  against  the  sighting  unit. 


Figure  4.  Exhibit  of  typical  severe  damage  to  the 
manikin  frangible  face  produced  by  a  head 
strike  against  the  sighting  unit. 


6.  DISCUSSION 

The  epidemiological  data  we  examined  and  the  tests  we  per¬ 
formed  in  this  study  indicate  the  TSU  and  the  ORT  pose  a 
substandal  hazard  to  copilot/gunners  in  the  event  of  a  crash. 
The  most  common  serious  injury  is  facial  injury,  frequently 
associated  with  severe  brain  trauma  and  deatfi.  Ihe  prelimi- 
naiy  nature  of  this  study  limited  the  number  and  type  of  tests 
that  were  conducted,  it  also  restricted  the  exploration  of  the 
airbag  concept  to  the  use  of  off-the-shelf  hardware  with 
minimal  allowance  for  hardware  redesign  or  modification. 
Despite  these  limiutions,  we  have  demonstmed  a  problem 
exists  and  shown  a  supplemental  airbag  is  a  viable  solution. 

In  this  study,  we  calculated  the  HIC  from  manikin  head  linear 
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accelerations  to  provide  an  additional  tool  for  evaluating  the 
severity  of  head  strikes.  We  should  caution  that  the  validity 
of  HlC  as  a  predictor  of  head  injury  depends  on  several  condi¬ 
tions  which  must  be  strictly  met.  For  example,  the  validity  of 
HIC  prediction  becomes  questionable  if  there  were  no  head 
strikes  with  the  ORT  or  TSU.  Even  in  case  of  a  head  contact, 
the  HIC  generally  is  considered  invalid  if  the  duration  of 
contact  exceeds  IS  ms.  Usually,  the  duration  of  contact  is 
much  longer  than  the  interval  over  which  the  HIC  is  deter¬ 
mined.  Finally,  the  HIC  should  not  be  used  as  a  pass-fail 
criterion;  instead,  it  should  be  used  to  assign  probability  of 
irreversible  brain  injury  occurring.  Thus,  assuming  all  condi¬ 
tions  for  using  the  HIC  have  been  satisfied,  HIC  values  of 
500,  1000,  and  1300  may  be  converted  respectively  to  5,  15, 
and  50  percent  approximate  probabilities  of  brain  injury  [lOj. 


Figure  5.  Photograph  of  the  observed  damage  to  the 
Apache  optical  relay  tube  produced  by  a  head 
strike. 


Furthermore,  we  must  emphasize  that  HIC  is  a  predictor  of 
closed  brain  injury  resulting  horn  impacts  to  the  calvarium. 
Most  fatal  TSU  injuries  were  open  brain  injuries  arising  from 
impacts  to  the  face.  The  significance  of  this  finding  is  that 
facial  bones  are  considerably  weaker  than  the  more  dense 
calvarial  bones  and  yield  under  relatively  low  force.  In  a 
facial  impact  with  the  TSUA3RT,  brain  injury  occurs  as  a 
direct  intrusion  of  collapsing  facial  bones  and  not  from  the 
brain’s  inertial  response  to  an  applied  force.  Under  these 
restrictions,  the  HIC  probably  is  not  an  accurate  predictor  of 
serious  injury.  In  this  study,  we  use  it  as  a  relative  indicator 
for  comparing  the  severity  of  different  head  strikes. 

6.1  Discinsion  of  Inertia  Red  Tests 
Results  o{  the  TSU  tests  (Tables  1  and  4)  show  for  the  six 
nearly  vertical  (S-degree)  simulated  crashes,  head  strikes  were 
associated  with  lower  head  accelerations  and  HIC  values  than 
those  |»oduced  by  die  five  mote  pitched  (33-degiee)  tests. 
That  is,  the  severity  of  head  strikes  was  lower  for  vertical 
impacts  dian  for  th^  with  large  horizontal  components. 

We  may  attribute  differences  in  the  severity  of  head  strikes  to 
the  trajectories  relative  to  the  impact  vector  produced  in  the 
two  groups.  At  the  onset  of  a  neady  vertical  in^MCt,  the  head 
and  body  of  the  pilot  travel  along  a  vertical  path  that  does  not 
pass  through  the  sighting  unit  As  the  pitch  angle  of  impact 
increases,  a  greater  hori/^ontal  component  is  added  to  the 


impact  vector,  so  the  initial  path  of  travel  of  the  pilot’s  body 
and  head  passes  near  or  through  the  sighting  system.  The 
head  trajectory  is  complicated  further  by  the  unavoidable  slack 
of  the  shoulder  belt  which  is  produced  automatically  by  the 
slumping  of  the  upper  torso.  As  a  result,  the  pilot’s  head 
would  likely  strike  the  sighting  system,  even  when  the  impact 
primarily  u  vertical.  This  explanation  is  supported  by  field 
data  which  show  TSU  impact  is  strongly  dependent  on 
longitudinal  velocity  at  impact  and  only  weakly  dependent  on 
vertical  velocity. 

In  general,  our  tests  were  inconclusive  regarding  the  relative 
effectiveness  of  the  different  inertia  reels  and  lock  settings. 
Using  amount  of  belt  extension  and  head  pitch  angular 
accelerations  as  indicators  of  inertia  reel  performance,  the 
results  were  quite  inconsistent.  In  the  six  nearly  vertical  TSU 
tests,  belt  extensions  varied  between  1.5  and  10.8  cm. 
Although  all  reels  locked,  three  runs  had  belt  extensions  that 
exceed^  6  cm,  one  run  for  each  inertia  reel  condition. 
Ideally,  belt  extension  should  be  limited  to  the  extent  possible 
and,  preferably,  to  less  than  5  cm  in  order  to  prevent  flail 
injury.  We  were  unable  to  explain  the  wide  variation  in  belt 
extensions  for  essentially  identical  test  conditions. 

We  observed  the  same  degree  of  variability  of  belt  extension 
in  severe  TSU  runs  even  when  we  prelocked  the  reels.  Test 
LX6203  used  a  MA-10  dual  sensing  reel  and  the  belt  exten¬ 
sion  obtained  from  a  string  potentiometer  signal  was  17.5  cm. 
We  were  unable  to  confirm  this  value  from  test  film  or  onsite 
observations.  The  same  uncertainty  of  belt  extension  applies 
to  test  LX6204,  so  we  cannot  directly  ascertain  whether  or  not 
the  two  inertia  reels  locked  upon  impact.  However,  peak 
linear  head  accelerations  (138.3  and  128.8  g),  head  pitch 
acceleration  swings  (17,0()0  and  11,5(X)  rad/s^),  and  pitch 
velocity  swings  (79.5  and  61.0  rad/s),  as  well  as  the  dainage 
to  the  frangible  face,  are  strong  indicators  that  the  two  inertia 
reels  did  not  properly  lock  allowing  the  head  to  strike  with 
such  severity  that  it  would  have  caused  serious  head  injuries 
in  a  real  crash. 

Three  Cobra  TSU  tests,  LX6274,  LX6275  and  LX6276,  were 
conducted  later  in  the  study  under  test  conditions  similar  to 
the  two  severe  TSU  tests  discussed  above.  This  dme, 
extensions  of  the  belt  were  monitored  with  a  string  potenti¬ 
ometer,  a  reasonable,  reliable,  and  accurate  transducer.  These 
were  run  with  a  prelocked  inertia  reel  in  order  to  verify  our 
hypothesis  that  head  strikes  do  occur,  even  if  the  restraint 
system  were  given  the  best  chance  of  functioning  properly. 
Two  of  the  tests  resulted  in  belt  extensions  of  3.5  and  2.0  cm, 
indicating  the  belt  remained  tight  and  did  not  extend. 
Immediate  posttest  examination  of  the  inertia  reel  confirmed 
this  assertion.  The  third  test  produced  an  extension  of  1 1  cm, 
indicating  some  slippage  of  the  reel  or  a  stretch  of  the  belt 
must  have  occurred.  Posttest  observations  indicated  the  reel, 
in  fact,  did  lock. 

Regardless  of  the  action  of  the  inertia  reels  or  restraint  belt, 
head  strikes  did  occur  in  tests,  as  indicated  by  observed 
damage  to  the  frangible  faces  and  head  acceleration  signals. 
Peak  head  accelerations  in  the  85  to  195  g  range  and  HIC 
values  near  6(X)  produced  by  all  the  3S-degree  pitch  tests  were 
sufficient  to  cause  facial  fractures  and  lacerations  and, 
possibly,  irreversible  brain  damage  in  actual  mishaps. 

The  Apache  ORT  tests  (Tables  2  and  5)  were  all  run  at  7  g 
sled  pulse  to  simulate  the  early  portion  of  collapse  of  the 
landing  gear  during  a  crash.  All  these  tests  produced  head 
strikes  to  the  ORT  regardless  of  inertia  reel  configuration.  No 
inertia  reel  configuration  produced  consistently  better  results, 
u  in  the  TSU  test  series.  Belt  extensions  remained  below 
7  cm,  except  for  test  LX6212  where  the  restraint  belt  extended 
by  12  cm.  Even  then,  the  HIC  and  peak  acceleration  of  this 
test  were  the  lowest  among  this  group,  despite  obvious 
damage  to  the  frangible  face.  The  highest  head  linear 
acceleration  for  this  series  was  94  g  in  test  LX6208  and  the 
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highest  HIC  value  was  160  for  the  same  test,  an  indication  of 
the  teladve  "mildness"  of  head  strikes. 

Nevenheless,  all  accelerations  exceeded  facial  bone  tolerances 
to  fracture.  Also,  it  should  be  lemembered  that  these  tests 
only  simulated  crashes  where  the  landing  gear  did  not  fully 
strc^e.  In  crashes  that  exceed  the  landing  gear  sink  speed,  the 
7  g  pulse  will  be  followed  by  a  considerably  higher  magnitude 
pulse,  potentially  leading  to  a  secondary  ORT  strike  more 
severe  than  the  initial  strike. 

6.2  Discussion  of  Airbag  Tests 

After  preliminary  review  of  data  from  the  first  phase,  we 
(tecided  to  focus  the  second  phase  of  testing  on  simulations  of 
"severe"  crashes.  After  all,  if  the  airbag  were  to  be  introduced 
into  the  Cobra  and  Apache  to  supplement  the  current  restraint 
systems,  it  would  be  primarily  to  prevent  injury  in  the  severest 
of  head  strikes.  All  tests  with  airbags  were  designed  to 
simulate  the  35-degree  impact  as  described  in  Table  3. 
Although  LX6269  was  a  full-scale  airbag  test,  no  manikin 
transducer  signals  could  be  processed.  Results  from  10  (4 
Cobra  and  6  Apache)  airbag  tests  are  in  Tables  3  and  6. 

In  all  airbag  tests,  the  manikin's  head  rebounded  after  being 
stopped  by  the  airbag  and  struck  the  armored  seat.  This 
refamnd  action  is  undesirable  and  would  have  been  eliminated 
or  reduced  with  refinement  of  the  airbag  deployment  or  the 
design  of  an  airbag  specifically  for  Cobra  or  Apache.  The 
rebound  impact  produ^  lower  acceleration  levels  than  earlier 
interaction  with  the  airbag  or  the  underlying  support  struc¬ 
tures.  Generally,  head  contact  with  the  airbag  lasted  more 
than  IS  ms,  so  the  HIC  as  an  injury  assessment  tool  was  not 
valid.  However,  the  HIC  was  used  only  for  the  purpose  of 
comparing  one  test  to  another  and  not  to  predict  injury. 

The  four  Cobra  TSU  airbag  tests  (LX6270  through  LX6273) 
produced  consistent  results.  As  noted  in  Table  3,  true  peak 
head  accelerations  may  be  slightly  higher  than  those  given  for 
the  four  TSU  tests.  The  MA-6  in  test  LX6270  and  MA-10  in 
LX627 1  appear  to  have  locked  and  restricted  the  belt  exten¬ 
sions  to  un^r  5.9  cm.  Angular  pitch  accelerations  recorded 
in  test  LX6273  suggest  the  inertia  reel  may  have  failed  to 
lock. 

The  remaining  six  airbag  tests  were  Apache  ORT  tests.  Two 
of  these  tests  were  run  at  the  lower  crash  pulse  severity  (7  g, 
9  m/s)  to  simulate  the  early  portion  of  landing  gear  collapse 
during  a  crash.  These  were  test  conditions  similar  to  the 
seven  nonairbag  tests  (LX6208  through  LX6213,  and  U(6277) 
reported  in  the  top  half  of  Table  2.  This  similarity  of  the  two 
groups  allows  direct  comparisons  between  the  head  strike 
parameters  to  determine  the  effects  of  supplementing  the 
restraint  system  with  an  airbag.  The  last  four  tests  reported  in 
Table  3  have  no  direct  counterpart  in  Table  2.  All  MA-10 
inertia  reels  locked  during  the  ORT  tests;  however,  belt 
extension  appeared  to  be  excessive  for  all  25  g  runs.  This  is 
particularly  true  for  LX6280  where  the  belt  extension  was 
15.8  cm  and  head  pitch  acceleration  was  1 1,440  rad/s^. 

In  order  to  evaluate  the  effect  of  the  airbag  on  head  strikes, 
we  compared  the  four  Cobra  airbag  tests  to  the  group  of  five 
nonairfoag  tests  discussed  earlier  a^  presented  in  the  bottom 
half  of  Table  1.  The  two  groups  simulated  the  same  35- 
degrce  impact  angle,  and  the  severity  of  the  crash  pulses 
essentially  were  the  same.  In  all  runs  except  LX6273,  the 
inertia  reels  appeared  to  lock  properly.  Aside  horn  minor 
variations  in  the  test  conditions,  dte  primary  difference 
between  the  two  groups  was  the  presence  of  the  airbag. 
Therefore,  any  improvemem  in  the  response  parameters  may 
be  reasonably  attributed  to  use  of  the  airbag.  We  made  a 
similtf  comparison  between  the  two  Apache  airbag  testt  and 
the  seven  nonatrbag  tests. 

The  small  number  of  tests  did  not  allow  formal  statistical 
analysis  of  the  reduction  of  severity.  However,  the  trend  is  so 


clear  that  some  characterization  of  the  improvement  is 
possible.  To  this  end,  we  compared  the  average  values  of  four 
parameters;  Peak  head  accelerations  (g),  the  HIC,  and  the 
swings  of  head  pitch  accelerations  (rad/s^)  and  velocities 
(rad/s)  at  the  instant  of  head  strike.  In  using  these  parameters, 
no  injury  prediction  was  made.  Rather,  the  parameters  were 
used  as  in^cators  to  assess  the  mitigating  effects  of  the  airbag 
on  the  severity  of  simulated  head  strikes.  The  average  value 
is  defined  simply  as  the  sum  of  observed  values  divided  by 
the  number  of  observations.  No  other  statistics  were  derived 
because  of  the  small  number  of  observations.  Results  of 
comparisons,  summarized  in  Table  7,  clearly  demonstrate  the 
effectiveness  of  the  airbag  in  reducing  the  severity  of  head 
strikes  with  the  TSU  in  the  Cobra  and  with  the  ORT  in  the 
Apache. 

Table  7.  Effect  of  airbags  on  the  means  of  four  head 


response  parameters. 


Test  group  and 

Linear 

HIC 

Angular 

Angular 

improvement  due  to 

Accel. 

accel. 

veloc. 

airbag 

(A) 

(B) 

(C) 

(D) 

Cobra  TSU  tests: 

(1)  Without  aiibag 

114.0 

871 

12  850 

70.5 

(2)  With  airbag 

47.8 

170 

3  328 

22.5 

%  Improvement 

66 

80 

74 

68 

Apache  ORT  tests: 

(3)  Without  airbag 

59.9 

93 

9  920 

40.5 

(4)  With  aiibag 

13.8 

31 

1  300 

6.3 

%  Improvement 

77 

67 

87 

84 

Parameters; 

(A)  Head  peak  resultant  linear  acceleration  (g). 

(B)  Head  Injury  Criterion. 

(C)  Head  pitch  angular  acceleration  (rad/s'')  swing  at  impact. 

(D)  Head  pitch  angular  velocity  (rad/s)  swing  at  impact. 

Test  groups; 

(1)  Five  tests;  LX6203,  LX6204,  LX6274, ...  LX6276. 

(2)  Four  tests;  LX6270, ...  LX6273. 

(3)  Seven  tests:  1X6208, ...  LX6213,  LX6277, 

(4)  Two  tests:  LX6278,  LX6279. 


7.  CONCLUSIONS 

In  this  study,  wc  presented  epidemiologic,  experimental,  and 
analytical  evidence  to  support  the  following  conclusions; 


*  The  probability  of  striking  the  sighting  system  mainly 
depends  on  the  crash  dynamics  and,  particularly,  on  the 
longitudinal  velocity  at  terrain  impact  Aircraft  roll  or 
yaw  at  impact  may  be  influential  in  directing  the  head 
trajectory  away  from  the  sighting  system,  and  may 
account  for  the  relatively  small  percentage  of  ground 
impacts  resulting  in  head  strikes. 

•  During  a  mishap  involving  the  Cobra  or  Apache  attack 
helicopters,  the  copilot/gunner  is  at  risk  of  striking  his 
head  against  the  T^U  in  the  Cobra  or  the  ORT  in  the 
Apache.  This  occurs  in  spite  of  the  correct  use  and 
proper  functioning  of  the  standard  restraint  system. 

'  Our  tests  did  not  produce  a  clear  pattern  showing  an 
advantage  in  using  dual-mode  inertia  reels  to  provide  the 
solution  to  excessive  upper  torso  strap  extension  identified 
from  crash  investigations  and  other  sled  tests.  An  inertia 
reel  that  gives  more  consistent  results  should  be  developed 
and  qualified  to  anticipate  dynamic  conditions. 
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•  For  optimum  protection  of  the  copilol/gunner  in  attack 
helicopters,  our  preliminary  study  demonstrated  a  clear 
reduction  in  head  strike  severity  when  an  airbag  is  utilized 
to  supplement  current  restraint  systems.  We  support 
further  studies  to  customize  the  design  of  the  airbag  and 
to  optimize  its  operational  parameters.  We  believe  the 
airbag  concept  is  a  vital  element  in  the  overall  U.S.  Army 
effort  to  delethalize  all  helicopter  cockpits. 
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1.  SFMNURY 

The  Emergency  Medical  Service  (EMS)  industry  has  been  the 
subject  of  several  television  and  newspaper  articles  (Harvey  and 
Jensen,  1987)  which  emphasized  the  negative  aspects,  (e.g.,  fatalities 
and  high  accident  rates),  rather  than  the  life  saving  services 
performed.  Until  recently,  the  accident  rate  of  the  EMS  industry  has 
been  five  times  as  high  as  that  of  other  civil  helicopters.  This  high 
accident  rate  has  been  coupled  with  the  dramatic  rise  in  the  number 
of  programs.  The  industry  has  built  from  a  single  service  at  its 
inception  in  1972,  to  over  1^  in  1987  (Spray,  1987),  to  the  point  that 
93%  of  the  contiguous  U.  S.  is  now  covered  by  some  type  of  EMS 
service.  These  factors  prompted  the  National  Transportation  Safety 
Board  (NTSB)  to  study  the  accidents  that  occurred  tetween  May  11, 
1978  and  December  3,  1986  (NTSB,  1988).  The  NTSB  report 
concluded  that  'Sound  pilot  judgment  is  central  to  safe  flight 
operations."  They  further  stated  that  "...  factors  unique  to  EMS 
helicopter  operations-such  as  the  influence  of  the  mission  itself, 
progra  1  competition,  and  EMS  program  management  perspectives- 
can  drastically  influence  pilot  judgment  during  the  EMS  mission.' 
One  of  the  most  difficult  decisions  that  a  pilot  must  make  is  whether 
to  accept  or  decline  a  mission.  A  pre-flight  risk  assessment  system 
(SAFE)  was  developed  at  NASA-Ames  Research  Center  for  civil 
EMS  operations  to  aid  pilots  in  making  this  decision  objectively.  The 
ability  of  the  SAFE  system  to  predict  mission  risk  profiles  was  tested 
at  an  EMS  facility.  The  results  of  this  field  study  demonstrated  that 
the  usefulness  of  SAFE  was  highly  dependent  on  the  type  of  mission 
flown.  SAFE  is  now  being  modifled  so  that  it  can  'learn'  with  each 
mission  flown.  For  example,  after  flying  a  mission  to  a  particular  site, 
an  EMS  pilot  would  input  information  about  this  mission  into  the 
system,  such  as  new  buildinp,  wires,  or  approach  procedures.  Then, 
the  next  time  a  pilot  flew  a  similar  mission  or  one  to  the  same  area, 
this  additional  information  would  be  taken  into  account  in  computing 
a  risk  assessment. 


2.  INTRODUCTION 

The  emergency  medical  service  (EMS)  industry  in  the  United  Sutes 
has  received  a  great  deal  of  negative  publicity.  In  the  late  19805,  it 
was  the  subject  of  a  CBS  news  documentary  (I^bruary,  1987)  as  well 
as  numerous  newspaper  articles  (Harvey  and  Jensen,  1987;  Harvey, 
1986)  and  television  reports.  These  reports  focused  on  a  series  of 
taul  accidents  and  highlighted  the  foct  that  the  accident  rate  for  EMS 
helicopters  was  about  five  times  that  of  other  civil  helicoplers.  This 
negative  publicity  created  a  public  impression  of  an  unsafe  industry. 
While  it  is  true  that  the  accident  rate  was  on  the  rise,  it  is  also  true 
that  the  number  of  EMS  programs  has  increased,  from  a  single  service 
at  its  inception  in  1972  to  the  point  where  now  93  %  of  the 
contiguous  United  States  is  served  by  some  form  of  helicopter  air 
ambulance  service.  The  issue  of  EMS  safety  prompted  the  National 
Transportatiott  Safety  Board  (NTSB)  lo  conduct  a  study  (NTSB, 
1988)  investipting  the  EMS  accidents  between  May  II,  1978  and 
December  .3,  1986  The  NTSB  iirvestipted  59  accidents  involving 
EMS  helicopler  operations.  Otm  clear  conclusion  of  (his  study  was 
that:  '...poor  weather  conditions  pose  the  greatest  single  hazard  to 
EMS  helicopler  operations.'  While  the  operators  are  reph”ed  by 
Federal  Air  Replations  (14  CFR  Part  91  and  Part  135)  both  of  which 


set  weather  minimums,  portions  of  the  rules  are  subject  to  pilot 
interpretation.  For  example,  the  pilot  has  considerable  latitude  in 
deciding  whether  to  proceed  with  a  mission  in  limited  visibility.  A 
recent  study  (DOT,  1991)  found  that  night  cross-country  weather 
minimums  were  exceeded  9.3  %  of  the  time.  Thus,  based  upon  the 
number  of  limited-visibility  accidents,  the  NTSB  recommended  more 
stringent  daytime  visibility  minimums.  Based  upon  these  regulations, 
the  pilot's  knowledge  of  the  area,  and  weather  patterns,  the  pilot  must 
make  the  decision  to  accept  or  decluic  4  mission. 

A  recent  survey  has  been  conducted  of  EMS  accidents  since  1986 
and  a  review  of  EMS  accidents  submitted  to  the  Aviation  Safety 
Reporting  System  (Dodd,  1991).  It  found  that,  while  the  accident 
statistics  had  improved  dramatically  in  recent  years,  the  same  factors 
cited  as  causal  or  contributory  in  the  early  study  still  exist  in  current 
operations.  This  suggests  that  the  recent  decline  in  fatalities  may  be 
somewhat  more  fortuitous  than  the  result  of  a  fundamental  change  in 
the  system. 

The  EMS  pilot  is  in  a  unique  situation  in  aviation.  Often,  poor 
weather  conditions  lead  to  accidents  for  which  an  EMS  unit  is  called. 
However,  the  same  adverse  weather  precipitating  the  accidents  also 
result  in  mission  risk.  Further,  the  decision  to  accept  or  reject  flights 
is  literally  a  life  or  death  choice.  The  medical  team  and  hospital 
administration  may  exert  pressure,  possibly  inadvertently,  on  the  pilot 
to  accept  a  flight  in  marginal  weather  in  order  to  try  and  save  a  life. 
In  addition,  the  EMS  pilot  has  no  aviation  peer  group  immediately 
available  with  whom  he  can  analyze  the  situation.  In  contrast,  most 
other  pilots  are  accustomed  to  discussing  such  situations  with  other 
pilots  or  flight  operations  people  in  airports  or  pilot  ready  rooms. 
The  EMS  pilot's  decision  is  subjea  to  many  influences  in  addition  to 
the  weather,  the  type  of  mission,  competition  with  other  EMS 
operators,  crew,  organizational,  environmental  and  aircraft  factors  all 
exert  an  influence  on  the  pilot's  decision.  The  influence  of  these 
factors  and  their  inieraaion  provide  a  diflicull  framework  within 
which  to  make  a  decision.  For  example,  the  management  of  the 
company  contracted  lo  provide  EMS  operations  lo  a  hospital  may  be 
located  thousands  of  miles  away.  This,  coupled  with  a  helicopter 
pilot's  'can  do'  attitude  and  the  challenge  of  a  life  saving  mission,  can 
affect  sound  pilot  judgment  (Albert.  1987).  The  above  example 
illustrates  that  the  interaction  of  organizational,  crew,  and  mission 
factors  may  lead  to  risky  decision  making.  Further  complications  can 
result  from  program  competition.  The  NTSB  report  found  that  it  is  a 
common  practice  for  the  ground  personnel  to  call  a  second  EMS 
operator  after  being  refused  service  by  another  EMS  operator  or 
public  service  organization  due  to  weather  or  other  high  risk 
conditions. 

Due  to  the  complicated  interaction  among  the  above  factors,  the 
pilots  decision  lo  accept  or  reject  a  mission  is  an  area  that  would 
benefit  greatly  from  a  decision  aid  that  could  evaluate  the  situation 
on  an  objective  bash,,  flree  from  outside  influences.  The  U.S.  Army 
and  the  Coasi  Guard  have  tested  such  systems  to  assess  mission  risk. 
The  present  system.  Safety  Assessment  for  Flight  Evacuation  (SAFE), 
builib  upon  this  earlier  work,  but  was  designed  speciflcally  for  civil 
EMS  operations. 


2.1  Previous  Risk  Assessment  Systems 


The  U  S.  Army  developed  a  system  for  pre-flight  mission  risk 
assessment.  This  is  the  Aviation  Litmus  Evaluation  Risk  Test 
(ALERT)  described  by  Bolcy  (1985).  ALERT  is  a  paper  and  pencil 
test  based  upon  six  fariots:  1)  supervision,  2)  planning.  3)  crew 
selection.  4)  crew  endurance,  5)  weather,  and  6)  complexity. 

A  nine-cell  matrix  was  developed  for  each  of  these  factors,  and 
"lisk  values'  from  1  (lowest  risk)  to  5  (highest  risk)  fill  the  cells  of 
the  matrix.  For  example,  the  matrix  for  weather  condition  is  shown 
in  Table  1.  Three  levels  of  winds  are  crossed  with  three  levels  of 
visibility  to  create  the  nine  cells  of  the  weather  matrix. 

Table  1.  Risk  Value  Matrix  -  Weather  (ALERT) 

Visibility 

Clear  VFR  Minimums 

W|  30|  3  4  5 

l|  20|  2  3  4 

n;  10|  1  2  3 

D1 

The  '"lacs  fo'  e’ch  thv  six  fa...ors  are  then  added  to  calculate 
tuc  alert  value.  The  ALERT  value  for  this  specific  mission  is 
compared  to  a  30  point  scale  subdivided  into  three  major  categories; 
(1)  Low  risk  (0-12),  (2)  Caution  (13-23),  and  (3)  High  risk  (24-30). 
Thus,  the  system  provides  the  pilots  with  an  objective  risk 
assessment  to  aid  in  the  decision  process. 

The  Army  system  was  modified  for  use  by  the  U.S.  Coast  Guard  in 
Medivac  operations  (McLean,  1986).  It  was  described  in  the 
October  1987  issue  of  AIRNET  (Fedorowicz,  1987).  Risk 
Evaluation  and  A  iaiion  Resource  Management  fREARM) 
maintained  the  basic  structure  of  ALERT,  but  modified  and 
extended  some  of  its  attributes,  such  as  the  verbal  descriptions  in 
the  matrices.  For  example,  the  three  mission  types  were  changed 
from:  (1)  support,  (2)  nap  of  the  earth,  and  (3)  night  vision  goggles, 
to:  (1)  site,  (2)  hospiul,  and  (3)  scene.  In  addition,  two  of  the 
matrices  (crew  experience  and  weather)  were  increased  to  twelve 
cells.  Table  2  displays  the  weather  matrix  for  REARM. 

Table  2.  Risk  Value  matrix  -  Weather 
(REARM) 

Visibility 

Clear  VFR  Minimums 

W|  30|  3  4  5 

I|  >20|  2  3  4 

Nj  >10|  1  2  3 

D|  <10|  3  4  5 


The  weather  matrix  was  further  modified  to  account  for  winds  in 
excess  of  30  knots  (adding  one  to  the  score  for  each  10  knots  over 
W)  and  night  missions  (multiplying  the  score  by  2.5).  The  REARM 
scale  ranges  from  6  to  40  and  is  divided  into  four  areas:  (I)  Normal 
(5-16).  (2)  Caution  (17-25),  (3)  Coordination  Required  (26-35),  and 
(4)  Danger  (36-40).  This  value  predicts  the  risk  of  the  mission  and 
recommends  the  appropriate  level  of  supervision  required  to  make 
the  final  decision. 


2.2  Devchtiiaieiit  of  SAFE 

SAFE  (Shively,  1<W8)  builds  upon  this  earlier  work  to  create  a 
system  specifically  designed  for  civil  EMS  operators.  SAFE  is 
programmed  on  a  personal  computer  for  speed  and  efficiency.  A 
PC-based  expert  building  took  EXSYS,  was  employed  to  develop 
this  system.  SAFE  allows  the  interaction  of  many  factors  to  be 
considered  through  the  complex  relationships  of  the  if-then 
conditional  statements  in  its  database.  SAFE  further  allows  the 
most  important  factors  to  be  given  more  weight  in  the  final  score. 
For  example,  weather  has  been  cited  as  the  single  most  important 
cause  of  EMS  accidents,  therefore  it  is  given  a  greater  weight  than  is 
level  of  supervision.  In  the  earlier  systems,  all  the  faaots  were  given 
equal  weight.  Automating  this  type  of  system  has  several 


advantages;  (1)  Data  can  be  entered  and  risk  assessments 
generated  more  quickly,  (2)  it  is  faster  and  allows  greater 
complexity  and  flexibility.  A  greater  number  of  individual  factors 
can  be  considered,  as  well  as  the  important  interactions  among 
those  factors.  In  the  two  previous  systems,  each  matrix  was  isolated 
functionally  and  computationally  from  each  other  matrix  Clearly, 
the  interaction  of  factors  such  as  level  of  supervision,  crew 
experience,  and  weather,  can  interact  to  affect  sound  judgment,  a. id 
these  should  be  considered  jointly.  However,  this  is 
computationally  difficult  with  a  paper  and  pencil  system. 

A  further  advantage  of  a  computerized  system  is  automatic  data 
collection.  The  report  generator  option  allows  data  files  to  be 
saved  that  contain  the  time,  date,  mission  data,  and  subsequent 
SAFE  scores.  This  database  allows  SAFE  to  be  updated  and 
improved  as  more  is  learned  about  the  factors  that  lead  to  risky 
decision  making.  This  record  can  also  be  used  as  a  log  of  activities 
as  well  as  a  source  of  training  materials.  For  example,  a  new  EMS 
pilot  could  study  the  patterns  of  factors  that  has  led  to  good  or  pemr 
decision  making. 


2.3  Kjiuwledge-base  Development 

To  develop  the  system,  initial  discussions  were  held  with  EMS 
pilots,  flight  nurses,  and  program  administrators.  Their  suggestions, 
along  with  the  information  from  the  NTSB  report,  other  published 
data,  and  the  earlier  systems,  served  as  the  basis  for  developing  a 
questionnaire.  This  questionnaire  eontained  five  types  of  factors: 
(1)  Mission,  (2)  Crew,  (3)  Organizational,  (4  )Environmenial,  and 
(5)  Aircraft.  Each  of  these  factors  was  subdivided  into  as  many  as 
eight  variables  that  could  affect  the  risk  of  a  mission.  Subject  matter 
experts  were  asked  to  rank  order  the  influence  of  each  of  the 
variables.  As  an  example,  the  variables  for  crew  factors  are  shown  in 
Table  3  below.  These  are  presented  in  the  order  of  importance  as 
assigned  by  one  of  the  subject  matter  experts. 

Table  3.  Crew  Factors 

1-  EMS  experience  of  pilot 

2-  IFR  currency  of  pilot 

3-  Crew  rest 

4-  Pilot's  familiarity  with  area 
a-  en  route 

b-  at  site 

5-  Pilot's  familiarity  with  aircraft 

6-  Number  of  pilots/aircraft 

7-  Hours  since  last  meal 

8-  Commercial  rating 

Thus,  for  the  crew  factors,  EMS  pilots  and  other  EMS  personnel 
rated  EMS  exjjcrience  to  be  the  most  important  of  the  crew  factors, 
and  a  commercial  rating  to  be  the  least  important.  The  data  and 
suggestions  from  this  study  provided  the  database  for  the 
development  of  a  prototype  version  of  SAFE. 


2.4  Operational  Testing 

SAFE  values  were  computed  for  every  mission  flown  during  a 
three-week  period  at  an  EMS  operator,  thirty-seven  missions 
covering  both  night  and  day  operations  were  included  in  the  study. 
This  operator  employed  four  pilots  flying  a  BK-1 17  helicopter.  AJI 
of  the  missions  were  flown  single-pilot  VFR  with  a  medical  crew 
generally  consisting  of  a  flight  doctor  and  a  flight  nutse.  Prior  to 
each  mission,  the  experimenter  input  the  relevant  variables  into  the 
SAFE  system  to  arrive  at  a  risk  assessment  score.  The  pilots  were 
not  apprised  of  this  score.  Following  each  mission,  the  pilot  was 
debriefed  by  the  expc  imenter.  In  addition,  pilots  were  asked  to  rate 
the  risk  of  the  mission  just  Down  (segment  by  segment)  and  theii 
subjective  workload  (full  mission)  using  the  NASA-Task  Load 
Index  (TLX)  rating  scale  (Han  and  Staveland,  198^.  These  two 
dependent  measures  were  compared  to  the  risk  prediaion  provided 
by  SAFE 


3.  RESULTS 


I 


4.^-3 


To  compare  scores  on  ihe  ihrec  different  scales,  the  scores  were 
normalized  and  z-scores  used  in  subsequent  comparisons.  The 
correlation  matrix  wmparing  SAFE  predictions,  risk  ratings,  and 
workload  ratings  is  shown  in  Table  4.  None  of  the  correlations  were 
significant. 

Table  4.  Oirrciation  Matrix  of 

SAFE.  TLX,  and  Risk  Ratings 

SAFE  TLX  Risk 
safe  I  1.00 
TLX  I  0.16  LOO 

Risk  I  -0.03  0.18  1.00 


The  mission.s  were  divided  into  three  categories  typical  of  the  EMS 
industry;  (1)  hospital  to  hospital  transfers.  (2)  prc-scoutcd  sites, 
and  (.3)  unfamiliar  scenes.  Tlie  SAFE  predictions  were  then 
correlated  with  the  TLX  ratings  for  each  of  the  ilnoe  mission  types. 
The.sc  data  are  prc'scnicd  in  Table  5.  The  starred  correlation  is 
significant  at  p  <  .05. 

Table  ^  SAFE  prcdlction.s  and  TLX  ratings  correlation^  Jw 
mission  type 

Mission  Correlation 

Hospital-Hospital  Transfer  0.55* 

Pick-upat  Pre -scouted  Site  0.18 

Pick-up  at  Unfamiliar  Scene  -  0.37 

4.  DISCUSSION 

An  examination  of  the  atrrclaiion  matrix  presented  in  table  4, 
suggc.sts  that  SAFE  predictions  bore  very  little  resemblance  to  the 
ratings  of  either  risk  or  workload.  However,  as  Table  .5  shows,  when 
the  data  are  analysed  by  mission  type,  SAFE  scores  correlate 
significantly  with  mission  workload  scores  for  hmpi(al-to-hospital 
transfers.  This  difference  in  mission  type  will  be  addressed  later, 
fhe  risk  a.ssessments  given  by  the  pilots,  however,  continued  to  be 
unrelated  to  SAFE  predictions. 


The  Aviation  Safety  Reporting  System  (ASRS)  is  operated  by 
NASA  with  funding  from  the  FAA.  It  is  designed  to  a>lleci  more 
information  about  aviation  incidents  than  was  previously  available. 
Following  an  aviation  incident,  a  pilot  for  other  aviation  personnel) 
can  submit  an  anonymous  report  to  ASRS  and  receive  limited 
immunity  from  prosecution.  ASRS  compiles,  and  analyzes  this 
data  in  an  effort  to  spot  hazardous  trends  and  make 
recommendations  before  such  incidents  become  accidents. 
ReccniJy,  the  ASRS  has  publicized  this  service  to  the  EMS 
community  and  solicited  rept^rts  (Dodd,  1991).  In  an  effort  to 
evaluate  the  SAFE  system  with  more  data  covering  a  wider  range  of 
mission  types,  and  geographic  regions,  an  ASRS  call-back  system 
was  instituted.  After  each  incident  is  reported,  an  analyst  from 
ASRS  will  contact  the  reporter  and  conduct  a  detailed  interview. 
This  information  will  then  be  input  into  the  SAFE  system  to 
determine  if  a  high  risk  mission  would  have  been  predicted.  It  is 
hoped  «hat  this  will  strengthen  and  improve  the  SAFE  system,  as 
well  as  highlight  continuing  problem  areas  in  EMS  operations. 

4.2  Current  E(Turts«Custoinize<l  Knowledge-Base 

Currently,  efforts  arc  underway  to  develop  a  version  of  SAFE  that 
will  build  a  customized  knowledge-base  for  each  EMS  operator. 
The  system  will  start  with  the  initial  knowledge-base  developed  in 
this  study.  After  each  mission,  the  pilot  will  answer  a  series  of 
questions  posed  by  SAFE.  These  will  include  ratings  of  workload 
and  risk  to  refine  the  predictions  of  the  system  for  this  operator,  but 
will  also  include  specific  queries  about  the  route  of  the  mission,  any 
new  wires,  lowers,  or  other  man-made  objects  that  were  observed, 
etc.  A  knowledge-base  wilt  be  developed  that  is  adapted  to  and 
tailored  lor  that  operation  and  area.  For  example,  SAFE  will  base 
predictions  upon  specific  sites  (  not  just  site  missions  in  general );  it 
can  take  into  account  who  the  pilot  is,  and  the  last  time  they  look  a 
mission  in  this  area,  and  update  the  pilot  on  any  problems 
encountered  in  that  area.  The  proposal  for  this  version  of  SAFE  is 
a  finalist  for  the  American  Technology  Initiative  Program  which 
sponsors  joint  research  between  NASA  and  private  companies.  If 
selected,  this  would  accelerate  the  completion  of  this  version  of 
SAFE.  A  field  test  of  this  system  is  planned  at  one  or  more  EMS 
operators. 


Obtaining  ratings  of  fi.sk  from  the  pilots  proved  to  be  difficuli. 
Whether  this  is  due  to  the  existing  climate  of  negative  publicity  or  if 
the  term  "rtsk"  was  a  p(X)r  choice  of  words  is  not  clear.  However, 
(he  pilots  made  comments  such  as.  There  is  no  risk,  otherwise  I 
wouldn't  take  Ihe  flight",  clearly  casting  doubt  on  the  utility  of  the 
measure.  1he  pilots  seemed  much  more  comfortable  discussing 
workload.  They  seemed  willing  to  accept  that  all  missions  had  at 
least  some  degree  of  workload,  and  were  willing  to  provide  a  range 
of  ratings  from  high  to  low.  The  data  analysis  also  pointed  to  the 
workload  ratings  as  the  most  u.v  ul  measure  for  testing  the  SAFE 
predictions,  in  addition,  this  method  of  assessing  the  di^iCuUy  of 
miSsSions,  and  the  impact  of  task  requirements  has  been  well 
established  in  many  other  app}icat}on.s  and  environments. 

It  is  not  surprising  that  the  ability  of  SAFE  to  predict  workload 
was  ordered  by  mission  type.  On  a  hospital  to-hospital  transfer,  (he 
pilot  knows  exactly  where  he  Is  going,  there  is  a  landing  pad,  the 
ground  personnel  arc  trained  for  patient  ingress  and  egress  to  (he 
helicopter,  and  there  arc  fewer  surprises  than  in  other  mission 
types.  In  contrast,  a  pre-soouicd  .site  may  have  become  overgrown, 
not  been  used  in  a  while,  or  ground  personnel  may  not  be  (rained  in 
helicopter  operations.  Further,  with  unfamiliar  scene  operations, 
(here  are  a  several  unknown  factors:  (1)  The  pilot  has  never  been 
to  this  exact  scene.  (2)  It  may  be  difllcuU  to  find;  na\iga(ion  aids 
will  get  the  pilot  to  the  general  area,  but  the  specific  scene  may  be 
elusive.  (3)  Ground  personnel  may  or  may  not  be  trained  in 
helicopter  operations.  Thus,  the  predictability  of  these  missions 
decreases  as  does  SAFE'S  ability  to  predia  risk  profiles.  SAFE  does 
ina>rpQrate  these  factors  into  its  computation,  but  only  as  they  are 
known  at  the  outset  of  the  mission.  For  example,  a  scene  pick-up 
may  be  predicted  to  have  high  risk  ai  the  beginning  of  the  mission, 
but  upon  arrival  the  scene  may  have  a  good  landing  area  with 
trained  ground  personnel,  therefore  the  actual  risk  of  the  mission  is 
low.  For  scene  missions,  those  conditions  are  much  more  variable 
and  impossible  to  know  at  the  beginning  of  the  mission. 

4.1  Current  Effcrts>ASRS 


4.3  Current  EfTorts-General  Aviation 

Discussions  are  underway  with  the  Federal  Aviation 
Administration  (FAA)  and  the  Center  for  Applied  Human  Factors 
in  Aviation  (CAHFA)  to  develop  a  ri^k  assessment  system  such  as 
SAFE  for  general  aviation.  One  suggestion  is  nai  the  system  might 
include  a  computer  link  to  automatized  weather  services,  such  as  the 
Direct  User  Access  Terminal  (DUAT).  In  addition,  it  might  be 
tailored  for  each  pilot,  (e.g.,  each  pilot  would  input  a  disk  to  the 
system  that  contains  current  hours,  ratings,  etc .  a  son  of  an 
electronic  log  book)  based  upon  this  information,  in  conjunction 
with  the  weather,  and  route  information,  the  system  will  be  able  to 
give  the  pilot  a  clearer  picture  of  the  risks  and  issues  involved  in 
undertaking  the  proposed  flight.  The  development  of  this  system  is 
still  in  the  planning  stages. 


CONCLUSION 

Human  error  is  the  largest  single  cause  of  aviation  incidents  and 
accidents.  These  types  of  risk  assessment  systems,  then,  represent 
an  attempt  to  address  that  problem.  By  incorporating  various  data 
sources  ar.d  taking  advantage  of  the  availability  of  personal 
computers,  these  systems  promise  to  be  an  important  aid  to 
aviation  safety. 
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SUMMARY 

An  overview  is  given  over  the  present  situ¬ 
ation  in  'i-^craft  fire  safety  as  it  can  be 
derived  from  the  73rd  AG ARD - PEP  -  Me e 1 1 ng  de¬ 
voted  to  this  subject  in  1989.  It  is  cha¬ 
racterised  by  increasing  interaction  bet¬ 
ween  engineering  and  med i ca 1 / beha vi oura 1 
aspects.  A  scenario  for  aircraft  cabin 
fires  i.s  first  developped  showing  that  sur¬ 
vival  times  both  from  the  technical  and  me¬ 
dical  point  of  view  are  of  the  same  order 
of  magnitude.  Although  f i r e - ha r de ni ng  has 
contributed  much  to  increased  survival 
times  the  prospects  for  further  progress 
from  this  side  diminish.  Improvements  are 
expected  from  improved  conditions  for  emer¬ 
gency  evacuations  and  from  occupant  pro¬ 
tection  systems.  Model'ing  studies  both  on 
engineering  and  medical  problems  are  in¬ 
creasingly  applied  to  fire-related  problems. 
The  use  of  water  spray  sys».ems  and  smoke 
hoods  are  discussed  in  the  paper  as  well  as 
studies  on  passenger  behaviour  during  eva¬ 
cuations,  The  combination  of  medical,  be¬ 
havioural  and  engineering  expertise  can  be 
used  to  promote  and  optimise  passenger  pro¬ 
tection  in  fire-related  aircraft  accidents. 

1.  INTRODUCTION 

Aircraft  accidents  involving  the  develop¬ 
ment  of  -sometimes-  catastrophic  fires  can¬ 
not  be  completely  eliminated  from  aircraft 
operations.  Therefore,  it  is  the  duty  of 
the  aerospace  engineering  community  to 
take  all  preventive  measures  in  order  to 
minimise  the  consequences  of  such  accid¬ 
ents.  This  IS  a  truely  interdisciplinary 
task  insofar  as  besides  the  classical 
fields  of  aircraft  and  aero  engine  design 
and  operation-  it  does  involve  also  aero- 
medical  and  ps yc hoi ogi ca 1  effects  of  human 
beings  which  are  by  fate  thrown  into  such 
accidents 

AGARD's  Propulsion  and  Energetics  Panel  is 
looking  after  the  implications  and  conse¬ 
quences  of  aircraft  fire  safety  since  ma¬ 
ny  years  One  of  its  former  working  groups 
devoted  to  that  subject,  profitted  a  great 
deal  from  participation  of  members  of  the 
Aerospace  Medical  Panel.  In  1989,  the  73rd 
PEP-Meeting  (1)  was  held  on  Aircraft  Fire 
Safety,  for  which  the  present  author  serv¬ 
ed  as  the  Programme  Committee  Chairman, 

More  than  1/3  of  that  meeting  was  devoted 
to  lectures  on  questions  of  survival  times, 
passenger  behaviour  in  emergency  situati¬ 
ons,  crew  training,  as  well  as  to  passeng¬ 
er  breathing  equipment.  These  subjects 
have  of  course  strong  medical  and  behavi- 
ounsLic  interrelationships  to  the  techni¬ 
cal  aspects  of  fire-related  aircraft  acci¬ 
dents  Therefore,  very  lively  discussions 
and  exchange  of  opinions  developped  among 
the  meeting  participants  representing  the 


related  professional  disciplines.  When  the 
Aerospace  Medical  Panel  announced  its  pre¬ 
sent  meeting  on  Aircraft  Accidents,  PEP 
solicited  to  present  some  thoughts  and  re¬ 
sults  on  the  correlations  between  engineer¬ 
ing  aspects  on  one  hand,  and  medical  and 
beha Vi  our i St  1 c  problems  of  fire-related  ac¬ 
cidents  on  the  other  hand,  as  they  evolved 
from  the  1 989-PEP-Meeti ng  on  Aircraft  Fire 
Safety. 

Nearly  three  years  have  elapsed  since  the 
above  mentioned  PEP-Meeting  was  held,  and 
surely,  related  research  and  development 
work  went  on  in  the  mean  tine.  However, 
the  basic  situation  in  aircraft  fire  safe¬ 
ty  changes  only  slowly;  hence,  one  can  as¬ 
sume  that  the  principal  findings  and  les¬ 
sons  to  be  learnt  from  that  meeting  are 
still  valid.  The  present  paper  tries  to 
give  a  summarising  overview  over  the  in¬ 
terdisciplinary  correlations  between  the 
various  aspects  of  fire-related  accidents, 
as  they  can  be  derived  from  the  last  PEP- 
Meeting  on  Aircraft  Fire  Safety. 

2.  RECENT  DEVELOPMENTS  IN  AIRCRAFT  FIRE 
SAFETY 

Work  towards  improved  flight  safety  inclu¬ 
des  work  towards  improved  survival  chances 
of  passengers  and  crew  in  fire-related  air¬ 
craft  accidents.  The  guidelines  for  such 
work  are  derived  from  accident  evaluations 
from  experimental  investigations  into  situ¬ 
ations  during  fire  on  board  of  aircraft, 
such  as  full-scale  cabin  fire  tests,  as 
well  as  from  increased  use  of  hcoretical 
modelling  of  the  various  aspects  of  Fire- 
related  accidents  Particularly,  the  thor¬ 
ough  evaluation  of  such  accidents  is  direc¬ 
ted  mainly  towards  finding-out  what  safety 
deficiencies  exist  in  aviation  (2),  and 
all  of  the  three  above  mentioned  sources 
of  information  are  then  used  to  try  to 
eliminate  or  at  least  to  reduce  those  sa¬ 
fety  deficiencies. 

Statistical  -iccident  evalviations  have 
shown  that  the  probability  for  accidents 
to  occur  has  diminished  considerably  in 
the  past  decades  of  aviation;  however,  the 
percentage  of  persons  killed  in  fire-rela¬ 
ted  accidents  has  remained  fairly  constant, 
at  about  15  to  16  %  over  the  past  30 
years  (3).  Other  information  states  about 
23  %  for  that  rate  (4).  These  figures  show 
that,  on  one  hand,  fire  is  still  a  major 
threat  to  life  in  aircraft  accidents.  On 
the  other  hand,  careful  comparisons  of  the 
specific  conditions  of  the  individual  ac¬ 
cidents  lead  to  the  conclusion,  that  there 
IS  still  additional  margin  for  the  improve¬ 
ment  of  survival  chances. 


During  the  last  decade  a  large  number  of 
full-scale  cabin  fire  tests  have  been  car¬ 
ried  out  in  the  US  (5)^  in  the  UK  (6)  and 
in  Germany  (7),  using  fully-equipped  air¬ 
craft  fuselage  sections  or  mock-ups  in  or¬ 
der  to  study  the  development  of  environ¬ 
mental  conditions  in  cabin  fires,  particu¬ 
larly  their  time  history.  Together  with 
accident  evaluations,  the  results  of  these 
experiments  allow  to  derive  a  general  fire 
scenario  on  which  to  base  future  efforts 
for  improvement  of  survival  chances.  Of 
course,  there  are  differences  between  in¬ 
flight  cabin  fires  and  post-crash  cabin 
fires;  however,  once  an  open  fire  is  ini¬ 
tiated  in  an  aircraft  cabin  the  path  of 
its  development  is  very  similar  for  these 
two  general  categories  of  fire-related  ac¬ 
cidents. 

3.  FIRE  SCENARIO  AN'D  SURVIVAL  TIMES 
The  fire  scenario  is  illustrated  by  fig. 1. 
It  consists  of  three  branches,  the  left- 
hand  branch  of  which  is  of  a  pure  techni¬ 
cal  nature.  After  the  initiation  of  an 
open  fire  within  the  aircraft  cabin,  heat, 
smoke  and  toxic  gases  are  produced  The 
latter  is  due  to  pyrolysis  reactions  in 
the  burning  material.  Smoke  and  toxic 
gases  consist  of  soot  and  partially  burnt 
hydrocarbons,  carbon  monoxide,  CO,  hydro¬ 
chloric  acid,  HCl,  fluorine  and  cyanide 
compounds,  such  as  HF  and  HCN,  acrolein, 
etc.,  depending  on  the  nature  of  the  burn¬ 
ing  material.  At  first,  the  rise  of  temper¬ 
ature  and  CO-concent rat  1  on  is  rather  slow, 
as  can  be  seen  from  fig.  2,  which  is  taken 
from  the  OFVLR  full-scale  test  (7).  On  the 
other  hand,  the  HCl -concentrat i on  is  devel- 
opping  rather  fast  already  during  the  sec¬ 
ond  minute  of  the  test.  At  the  same  time, 
visibility  degrades  very  rapidly,  reaching 
light  transmission  values  of  about  20  to 
30  %  at  1  .  1  m  above  the  floor  towards  the 
end  of  the  second  minute  (fig,  3).  Within 
the  third  minute  the  so-called  flash-over 
occurs,  a  phenomenon  which  is  characteris¬ 
ed  by  a  very  rapid  rise  of  temperature  and 
toxic  gas  concentrations  to  levels  which 
can  no  longer  be  sustained  by  human  beings. 
Marking  the  end  of  the  survival  time  from 
the  technical  point  of  view,  flash-over  is 
mainly  caused  by  the  fact  that  the  temper¬ 
ature  of  the  cabin  interior  materials  has 
risen  to  a  value  which  allows  a  rapid  pro¬ 
pagation  of  the  fire  through-  it  the  whole 
cabin  ( 8 ) . 

1*1  the  case  of  post-crash  external  fires 
some  differences  exist  with  respect  to  the 
time  history  of  the  environmental  conditi¬ 
ons  in  th‘  cabin,  depending  on  the  specific 
circumstances  of  the  crash.  There  may  be 
cases  where  some  more  time  is  available 
until  burn-through  of  the  fuselage  occurs 
and  the  fire  enters  the  cabin.  However,  ex¬ 
ternal  fires  can  considerably  threaten  or 
even  prevent  a  safe  evacuation  of  the  oc¬ 
cupants 

Parallel  to  these  engineering  aspects  of 
the  fire  scenario  survival  modelling  stu¬ 
dies  have  been  carried  out  on  the  time  to 
incapacitation  due  to  the  adverse  environ¬ 
mental  conditions  in  cabin  fires,  DA.  Pur¬ 
ser  has  developped  a  mathematicel  model 
for  the  estimation  of  ha2ards  due  to  the 
exposure  to  toxic  and  irritant  gases,  smo¬ 
ke  and  heat  (  9)  The  model  is  based  on  the 
comparison  between  the  product  of  the  con- 


tration  of  a  noxious  substance  and  expos¬ 
ure  time  and  its  effective  lethal  dose. 
Medical  test  data  on  lethal  doses  as  well 
as  post-crash  fire  test  data  on  the  time 
history  of  the  concentrations  Lave  been 
used  to  establish  the  model.  The  main  re¬ 
sults  are  that  in  the  first  two  minutes 
severe  irritations  of  eyes  and  respirato¬ 
ry  tracts  caused  by  HCl  and  HF  would  im¬ 
pede  the  escape  of  persons.  After  the  sec¬ 
ond  minute  interactions  are  strong  cnougn 
to  inhibit  or  prevent  an  escape.  After  the 
third  minute  incapacitations  due  to  skin 
burns,  loss  of  consciousness  or  visual  ob¬ 
scuration  is  very  likely  to  happen.  This 
marks  the  end  of  the  survival  time  in  the 
fire  scenario  from  the  medical  point  of 
vi  ew. 

A  third  branch  of  the  fire  scenario  rela¬ 
tes  the  chances  for  a  successful  emergency 
evacuation  of  the  occupants  to  their  beha¬ 
viour  under  severe  threat  to  their  lives. 
Evid»>nce  from  aircraft  accidents,  as  well 
as  from  building  fires  and  earthquakes 
show  that  in  such  situations  people  react 
very  frightened  and  competitive  in  order 
to  survive.  This  makes  an  orderly  evacuat¬ 
ion  of  all  passengers  very  difficult,  par¬ 
ticularly  in  an  environment  of  nearly  zero 
visibility  and  where  there.are  many  obsta¬ 
cles,  like  seats,  bulkheads  or  scattered 
hand-baggage.  Therefore  the  chances  for 
evacuation  are  severely  impaired. 

In  recent  years  tests  have  been  initiated 
in  the  UK  in  order  to  study  the  behaviour¬ 
al  aspects  of  people  during  emergency  eva¬ 
cuations.  In  one  of  the  test  series  (10)  a 
competitive  element  by  incentive  payments 
has  been  introduced,  whereas  by  another 
test  senes  the  use  of  passenger  breath¬ 
ing  equipment  was  studied  under  visibility 
conditions  which  were  reduced  by  smoke(ll). 
The  development  of  such  test  methods  is 
still  at  the  beginning,  and  one  can  expect 
that  they  will  yield  additional  informat¬ 
ion  for  the  improvement  of  survival  chan¬ 
ces  in  fire-related  aircraft  accidents. 

The  facts  described  above  and  put  together 
in  the  fire  scenario,  fig.  1»  allow  the 
following  conclusions: 

-  Although  specific  conditions  can  have 
great  influence  on  the  situation  in  air¬ 
craft  cabin  fires  the  basic  scenario  is 
very  similar;  this  fixes  the  ultimate 
survival  chances  of  occupants. 

-  The  available  survival  times  both  from 
the  technical  and  the  medical  point  of 
view  are  not  too  different;  in  cabin  fi¬ 
res  they  are  limited  in  the  order  of 

2  -  3  mi  nut  es . 

-  During  this  time  conditions  in  the  oabin 
worsen  rapidly  and  continuously  due  to 
decreasing  visibility  and  increasing  ef¬ 
fects  of  heat  and  toxic  gases. 

-  The  competitive  behaviour  of  people  In 
highly  st r ess - 1 oaded  situations  makes  an 
orderly  evacuation  under  adverse  spatial 
conditions  very  difficult. 

A  real  increase  of  survival  chances  can 
only  be  ar.aeved  by  interdisciplinary  ef 
forts  in  which  the  engineering  experts  and 
the  medical,  ^,3  yc  hoi  ogi  c  al  experts  combine 
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their  knowledge. 

4.  POSSIBLE  HAYS  FOR  INCREASED  SURVIVAL 
CHANCES 

The  directions  for  work  towards  enhanced 
survival  chances  can  be  derived  from 
fig.  1.  Particularly,  the  73rd  PEP-Meet- 
ing  on  Aircraft  Fire  Safety  has  emphasised 
the  following  routes  which  involve  also 
medical  and  behavioural  efforts  (fig.  4): 

-  Increase  of  survival  times  by  better  ma¬ 
terials  and  design  (fire  hardening). 

-  Introduction  of  passenger  protection  sy¬ 
stems  during  emergency  evacuations. 

-  Improved  spatial  conditions  for  emergen¬ 
cy  evacuations  by  suitable  cabin  inter¬ 
ior  des  i  gn. 

Some  prospects  for  future  work  into  these 
directions  will  be  discussed  in  the  fol¬ 
lowing  as  well  as  related  questions,  plac¬ 
ing  emphasis  with  the  correlations  between 
engineering  and  medi cal / beha vi our al  asp¬ 
ects. 

4.1.  INCREASED  SURVIVAL  TIMES  BY  BETTER 
MATERIALS  AND  DESIGN 
Promoted  particularly  by  the  US  Federal 
Aviation  Agency  new  materials  have  been  de- 
velopped  which  show  improved  fire  resist¬ 
ance.  Here,  materials  for  f i re - bl ocki ng 
layers  of  seat  cushions  and  other  upholst¬ 
ery  are  to  be  mentioned  which  can  delay 
the  propagation  of  flames  and  exhibit  low¬ 
er  weight  loss  during  the  combus t i on.  The i r 
use  IS  now  mandatory  after  the  issue  of 
corres pondi ng  rules  by  the  FAA.  Also  new 
materials  which  show  lower  heat  release 
rates  are  now  available  for  side  wall  and 
ceiling  panels  in  aircraft  cabins.  Previ¬ 
ous  tests  had  shown  that  the  time  to  flash- 
over  depended  mainly  on  the  rate  of  heat 
release  of  the  burning  panels.  It  was  also 
found  that  small  changes  in  heat  release 
can  result  in  comparatively  large  delays 
of  flash-over.  Consequently,  the  selection 
of  materials  for  interior  panels  is  now 
based  on  heat  release  properties.  After 
intensive  testing  materials  have  been 
found,  particularly  based  on  phenolic  res¬ 
ins  and  fibre  glass,  which  can  delay  the 
flash-cver  by  about  1-2  minutes  as  com¬ 
pared  to  earlier  materials.  Whether  this 
delay  can  be  completely  turned  into  pro¬ 
longated  survival  times  in  practice  depends 
on  the  specific  condition  of  the  fire.  Si¬ 
milar  efforts  are  now  going  on  with  respect 
to  cargo  bay  materials  and  for  improved 
insulation  of  aircraft  cabins  in  external 
fires  (Refs. 12,  13,  141. 

Regulations  which  limit  the  production  of 
smoke  and  toxic  gases  during  materials  fire 
tests  have  not  yet  been  issued.  However, 
it  may  be  assumed  that  materials  with  chan¬ 
ged  chemical  composition  may  also  produce 
different  amounts  of  noxious  substances. 

In  thei'  work  towards  improved  cabin  mate¬ 
rials  industry  of  course  measures  toxic 
gas  concentrations  and  their  composition 
(141  However,  the  results  of  such  measure¬ 
ments  should  be  made  available  on  a  much 
wider  scale  than  up  to  now  in  order  to  use 
them  in  medical  modelling  studies  for  the 
time  to  incapacitation  Thus,  the  applica¬ 
tion  of  models  like  that  of  D.  A.  Purser  (9) 
could  help  to  assess  different  materials 


with  respect  to  their  fire-related  produc¬ 
tion  of  smoke  and  noxious  gases  yielding 
additional  information  for  the  selection 
of  the  most  suitable  cabin  materials. 

However,  at  the  73rd  PEP-Meeting  it  was 
also  stated  that  the  potential  for  further 
progress  in  fire-resistant  light  weight 
materials  seems  to  be  nearly  exhausted 

(15) .  Therefore,  besides  an  eventual  use 

of  more  metallic  materials,  future  improve¬ 
ments  for  increase  of  survival  times  should 
be  more  expected  from  systems  for  active 
and  passive  occupant  protection  during 
emergency  evacuations. 

4.2.  INCREASE  OF  SURVIVAL  CHANCES  BY  OC¬ 
CUPANT  PROTECTION  SYSTEMS 
Hopes  for  the  improvement  of  survival  chan¬ 
ces  centre  presently  aro'ind  the  use  of  wa¬ 
ter  spray  systems,  reversed  venting  systems 
as  well  as  on  the  use  of  smoke  hoods  which 
will  be  discussed  in  the  following  para¬ 
graph.  The  first  two  ideas  are  intended  to 
generate  a  passive  protection  by  improving 
the  environmental  condition  in  the  cabin. 

Hater  spray  systems  for  aircraft  cabins 
have  already  been  developped  and  investi¬ 
gated  in  actual  tests  with  external  fir 

(16) .  Fitted  to  the  cabin  interior  they 
have  proved  their  capability  to  delay  the 
burn-through  of  fuselages  in  external 
fires,  to  cool  down  burning  and  smoulder¬ 
ing  interior  materials  and  hence  to  slow 
down  the  production  of  heat,  smoke  and  to¬ 
xic  gases.  Moreover  they  can  help  to  clean 
the  cabin  atmosphere  from  such  substances. 
Particularly  the  latter  achievement  could 
increase  the  time  to  incapacitation  as  well 
as  facilitate  emergency  evacuations  by  im¬ 
proved  visibility.  The  tests  carried  under 
external  fire  conditions  with  a  narrow- 
body  aircraft  fuselage  so  far  have  shown 
that  there  is  a  good  potential  to  delay 

a  burn-through  and  the  build-up  of  a  nox¬ 
ious  atmosphere  inside  the  cabin  by  times 
ranging  up  to  several  minutes  (16),  if 
there  is  enough  spray  water  availnble. 

However,  more  research  and  development 
work  IS  needed  in  order  to  optimise  the 
design,  installation  and  use  of  suct  sy¬ 
stems.  This  includes  also  its  application 
to  wide-body  aircraft.  Parallel  tr.  these 
aspects,  also  medical  and  environmental 
questions  have  to  be  addressed,  such  as 
the  effect  on  the  occupants  of  the  aspi¬ 
ration  of  a  mixture  of  water  spray  drop¬ 
lets,  dissolved  toxic  gases  and  smoke 
particles  or  the  effect  of  additives, 
which  are  needed  for  the  increased  ab¬ 
sorption  of  carbon  monoxide  or  for  low¬ 
ering  the  freezing  point  of  the  spray 
water  in  its  on-board  tank.  Finally, 
mathematical  modelling  has  to  be  applied 
to  assess  the  effectiveness  of  water  spray 
systems  both  from  the  technical  and  medi¬ 
cal  point  of  view. 

Considering  the  large  number  of  open  quest¬ 
ions  it  seems  to  be  that  water  spray  syst¬ 
ems  would  be  only  a  long-term  solution, 
particularly,  as  their  on-board  installat¬ 
ion  would  be  ecenomic  only  for  new  aircraft 
It  has  also  to  be  recognised  that  improved 
fire  safety  by  an  on-board  water  supply 
can  o: xy  be  obtained  by  a  reduction  In  pay- 
load. 
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Another  possible  approach  to  cabin  protect¬ 
ion  in  f i re-rel at ed  accidents  was  observed 
when  modelling  aerodynamic  conditions  in 
caoin  fires  (17).  It  was  found  that  revers¬ 
ing  the  airflow  direction  in  the  venting 
system  of  the  aircraft  had  a  beneficial  ef¬ 
fect  on  the  temperature  distribution  inside 
the  cabin.  Reversed  does  mean  here  that 
fresh  air  is  injected  from  the  cabin  floor 
and  hot  gases  are  extracted  by  the  ceiling 
vents.  Additional  modelling  work  was  in¬ 
tended  in  order  to  include  combustion  and 
heat  effects  into  the  study,  which  was  pu¬ 
rely  aerodynamic,  hitherto  (17).  Further 
investigations  must  show  whether  this  is 
actually  a  viable  contribution  to  increase 
the  survival  chances. 

4.3.  IMPROVEMENT  OF  CONDITIONS  FOR  SUCCESS¬ 
FUL  EMERGENCY  EVACUATIONS 
The  chances  for  survival  by  emergency  evacu¬ 
ations  depend  to  a  large  degree  on  the  geo¬ 
metrical  and  spatial  boundary  conditions  of 
the  cabin,  on  the  information  and  the  over¬ 
view  which  the  crew  has  on  the  specific  fire 
situation,  as  well  as  on  the  behaviour  of 
the  passengers  in  a  highly  stress-loaded 
situation,  facts  which  are  partly  interre¬ 
lated  Accident  investigations  showed  that 
the  flight  crew  often  lacks  vital  informat¬ 
ion  on  the  fire  situation  inside  or  outside 
the  aircraft  eg.  in  post-crash  fires, 
which  might  lead  to  wrong  decisions.  Improv¬ 
ed  crew  training  can  only  partly  contribute 
to  solve  such  problems.  This  training  should 
include  also  information  on  human  factors, 
like  passenger  behaviour  in  emergency  situ¬ 
ations.  Other  problem  areas  which  need  input 
from  behavioural  experts  are,  for  example, 
how  to  communicate  the  right  Instructions  to 
the  occupants  in  chaotic  situations  or  how 
to  identify  emergency  exits  under  reduced 
visibility  conditions.  Particularly,  studies 
on  passenger  behaviour  in  such  situations 
can  help  to  identify  possibilities  for  the 
improvement  of  evacuations.  Here  again,  the 
UK  was  a  forerunner  in  carrying  out  tests 
to  study  the  effects  o^  passenger  behaviour 
on  flow  rates  during  emergency  evacuations. 

Two  specific  aspects  have  been  studied, 
namely  different  geometric  constraints  of 
the  escape  way  (10),  and  the  use  of  breath¬ 
ing  equipment,  i.e.  smoke  hoods  (11).  The 
first  mentioned  study  at  Cranfield  invest¬ 
igated  the  effect  of  different  arrangements 
of  cabin  furniture,  i.e.  varying  seating 
pitch  and  galley  width,  on  evacuation  time 
from  a  fully  equipped  aircraft  fuselage, 
introducing  an  element  of  competition  bet¬ 
ween  the  test  persons  by  incentive  pay¬ 
ments.  These  tests  showed  that  actually 
similarities  existed  with  respect  to  real 
emergency  situations  insofar  as  heavy 
blockage  of  escape  ways  and  around  exits 
could  be  observed.  However,  larger  variat¬ 
ions  of  behaviour  from  trial  to  trial  were 
also  found  resulting  in  corresponding  vari¬ 
ations  of  evacuation  times.  It  was  conclu¬ 
ded  that  more  tests  are  needed  in  order  to 
achieve  statistically  reliable  results. 
Likewise,  the  test  conditions  should  be  re¬ 
vised  introducing  further  elements  of 
stress,  for  example  by  using  smoke. 

The  second  study  at  the  CAA  Fire  School 
has  been  carried  out  in  order  to  learn 
about  the  effect  of  smoke  and  of  wearing 
smoke  hoods  on  evacuati'“n  time.  In  a  com 
paratively  small  number  of  evacuations 


different  conditions,  clear  air  and  smoke, 
with  and  without  smoke  hoods,  were  investi¬ 
gated  using  usual  seating  arrangement  in  a 
narrow-body  fuselage.  White  theatrical 
smoke,  accepted  by  the  Medical  Ethics  Com¬ 
mittee,  was  introduced  as  an  element  of 
stress.  Besides  evacuation  time  strongly 
depending  on  the  location  of  the  seats 
within  the  cabin,  it  was  found  that  the 
presence  of  smoke  as  well  as  the  donning 
and  wearing  smoke  hoods  both  prolonged  the 
evacuation  time.  The  combined  effect  was 
however  less  than  the  sum  of  the  individu¬ 
al  time  increments  in  the  two  former  cases. 

A  further  observation  which  seems  to  be  sig¬ 
nificant  was  that  in  the  case  of  wearing 
smoke  hoods  the  evacuation  took  place  in 
a  more  orderly  fashion  than  without  smoke 
hoods.  It  was  therefore  concluded  that  the 
smoke  hoods  apparently  generated  a  feeling 
of  being  protected  to  some  extent. 

Tests  of  the  k  nd  described  above  warrant 
further  exploration  of  these  subjects  in 
which  also  the  aerospace  medical  community 
should  be  very  interested.  Particularly, 
the  case  of  wearing  smoke  hoods  during  em¬ 
ergency  evacuations  is  still  open  and  sure¬ 
ly  needs  further  clarification.  Other 
questions  to  be  addressed  concerning  these 
tests  are,  what  are  suitable  metnods  for 
making  test  conditions  more  realistic  and 
how  far  can  one  go  into  that  direction 
without  violating  ethic  laws. 

5.  CONCLUSIONS  AND  RECOMMENDATIONS 

The  evaluation  of  AGARD-PEP’s  73rd  Meeting 
on  Aircraft  Fire  Safety  shows  that  further 
progress  towards  improved  survival  chances 
of  occupants  in  fire-related  accidents  de¬ 
mands  for  activities  in  which  medical  and 
behavioural  questions  gain  increasing  im¬ 
portance.  This  concerns  the  development  of 
possibilities  for  active  and  passive  pro¬ 
tection  of  aircraft  occupants  as  well  as 
the  improvements  of  conditions  for  their 
successful  egress  from  aircraft  on  fire. 

The  tasks  of  medical  and  behavioural  ex¬ 
perts  involved  in  such  activities  are  to 
investigate  the  effectiveness  and  compati¬ 
bility  of  new  technical  solutions  to  the 
mentioned  problems  with  respect  to  the  con¬ 
sequences  for  the  occupants  as  well  as  to 
participate  in  efforts  to  generate  more  re¬ 
alistic  testing  methods. 

It  IS  therefore  desirable  that  the  former¬ 
ly  well-established  cooperation  of  the 
Aerospace  Medical  Panel  and  the  Propulsion 
and  Energetics  Panel  in  aircraft  fire  safe¬ 
ty  is  continued  by  setting-up  a  new  Inter- 
Panel  Working  Group,  the  tasks  of  which 
should  be  : 

-  to  assess  the  survival  chances  from  fire- 
related  aircraft  accidents,  considering 
recent  progress  in  fire-hardening,  occu¬ 
pant  protection  systems,  manag^iment  of 
fire  situations,  including  emergency 
evacuations,  fire  fighting  techniques, 
and  modelling  of  fire  situations  with  re¬ 
spect  to  survi val  chances,  and 

-  to  identify  needs  for  further  research 
and  development  work  towards  improved 
fire  snfety  in  aviation. 
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Fig.  1  Schematic  representation  of  correlat 
ions  between  engineering,  behavioural  and 
medical  aspects  in  fire-related  aircraft 
acci dents. 


Fig.  2  Time  history  of  temperature  T  and 
concentrations  of  carbon  monoxide,  CO, 
and  hydrochloric  acid,  HCl,  during  a  full 
scale  cabin  fire  test,  measured  t  2  m  di 
stance  from  ignition  source  and  1.6m  abo 
ve  cabin  floor,  (7). 

Peak  concen t ra t 1 ons  of  some  toxic  gases 
during  test  :  HCl  5400  ppm,  HBr  300  ppm, 
HF  500  ppm.  HCN  2400  ppm. 
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Fig.  3  Reduction  of  visibility  with  burning  Fig.  4  Future  trends  for  improved  survival 
time  as  measured  by  transmission  of  chances  in  aircraft  cabin  fires, 

light  in  a  cabin  fire  at  different 
heights  above  floor,  ^7). 
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RESUME 

Lors  d’incendies  e  bord  des 
aeronefs,  1' intoxication  par  les  produits 
de  thermolyse  des  materiaux  utilises 
dans  I'amenagement  de  la  cabine 
represente  un  risque  majeur.  Pour 
evaluer  le  risque  toxlque  lors 
d'incendies  en  vol,  11  est  necessaire  de 
prendre  en  compte  non  seulement  la 
ventilation  mais  aussi  la  pression  de  la 
cabine,  qui  peut  varier  entre  1000  et 
750,  voire  700  hPa.  Un  modeie  feu 
original  a  ete  mis  au  point,  permettant 
d’etudier,  dans  des  conditions  de 
ventilation  representatives  de  celles 
d'un  aeronef,  1' influence  de  la  pression 
sur  la  thermolyse  de  divers  materiaux. 
La  thermolyse  a  ete  envisag6e  sur  le 
plan  physicochimique  et  toxicologique,  la 
souris  etant  choisie  comme  modeie 
animal.  L' etude  a  montre  que  le  risque 
toxique  varie  consid6rablement  en 
fonction  du  materiau  consld6re.  Par 
ailieurs,  dans  ces  conditions 
experimentales,  la  baisse  de  pression 
barometrique  de  1000  A  700  hPa  a  peu 
modifie  les  caractAristlques  physico- 
chimiques  de  la  thermolyse  de  la  plupart 
des  materiaux  etudies.  En  revanche 
cette  baisse  de  pression  a  engendre  le 
plus  souvent  une  augmentation  tres 
significative  de  la  toxicite  du  melange 
gazeux  genere,  dans  lequel  le  monoxyde 
de  Carbone  et/ou  I’acide  cyanhydrique 
ont  une  part  prAponderante. 


INTRODUCTION 

D'aprAs  les  donnees  de  la  Federal 
Aviation  Administration  (1),  74  accidents 
avec  feu  A  bord  se  sont  produits  dans 
1*  aviation  commerciale  entre  1966  et 
1988,  faisant,  parmi  les  8623  passagers 
ou  membres  d* equipage,  2688  victimes. 
Parmi  ces  accidents,  au  moins  17  ont 
ete  A  I'origine  d’un  total  d’environ 
1000  deces  directement  lies  au  feu. 
Cela  reprAseate  un  pourcentage 
extremement  faible  au  regard  de 
I’ensembie  des  vols  effectuAs  durant 
cette  pAriode  ;  le  risque  ne  peut  Atre 
cependant  nAgligA  Atant  donnAe 
TextrAme  gravitA  d'un  feu  dans  une 
enceinte  confinAe  dont  il  est  difficile 
de  s'Achapper  rapidement.  L'examen  plus 
approfondi  des  causes  de  dAcAs  par  le 
feu  montre  que,  dans  la  grande  majoritA 
des  cas,  les  passagers  ont  pAri  A  la 
suite  de  1' inhalation  de  gaz  et  fumAes 
toxiques.  Aussi  de  nombreuses  etudes 
ont-elles  AtA  entreprises  dans  le  but  de 
sAlectlonner  les  matAriaux  utilises  dans 
I’amAnagement  des  cabines  d'avion  et 
de  mettre  en  place  ou  d'amAliorer  les 
dAtecteurs  de  feu,  les  extlncteurs  et  les 
cagoules  antifumAes. 

Pour  ce  qui  conceme  les 
materiaux,  il  existe  actuellement  des 
normes  intemationales  (FAR  25) 
concemant  la  tenue  au  feu,  c'est  A  dire 
la  Vitesse  de  prc^gation  des  flammes 
au  sein  du  matAriau,  ainsi  que  ia 
densitA  des  fumAes  Amises.  Ces  normes 
ont  AtA  rAcemment  complAtAes  par  un 


additif  imposant  1' utilisation  de  tissus 
barri6re  feu  pour  prot6ger  les  coussins 
en  mousse  des  si6ges  (FAR  25.853b 

et  c).  Malheureusement,  il  n'existe 
actueliement  pas  de  normes 

intemationaies  concernant  la  toxicit6 
des  gaz  lib^r^s,  bien  que  ce  crltfere  soit 
fondamental.  En  effet  de  nombreux 

mat6riaux  d^gagent  des  gaz  tr6s 
toxiques,  c'est  le  cas  en  particuller  de 
certains  mat^riaux  ignifug^s.  L'id^al 
serait  done  d'6tablir  un  indice  combing 
de  risque  qui  prendrait  en  con^te  tenue 
au  feu,  density  des  fum6es  et  toxicit6 
des  gaz  6mis.  La  difficult^  reside 

actueliement  dans  le  choix  d'un  module 
feu  de  laboratolre  aussi  r6aliste  que 
possible;  en  effet  la  thermolyse  d'un 
mat6riau  et  le  d6gagement  gazeux 
dependent  en  particuller  des  g6om6tries 
de  la  ch^lnbre  de  combustion  et  de 
Tfechantillon  ainsi  que  de  I'apport 
d’oxyg^ne.  Par  ailleurs  le  choix  du 
module  feu  depend  de  la  situation  & 
reproduire.  Ainsi,  dans  plusieurs  pays, 
les  recherches  ont  essentiellement  port6 
sur  les  risques  li^s  aux  incendies  aprds 
crash,  ceux-ci  6tant  les  plus  frequents. 
En  revanche,  en  Fremce,  les  recherches 
se  sont  orient6es  vers  I'fetude  des 
incendies  en  vol,  qul,  quoique  rares  (4 
accidents  de  1966  &  1988),  peuvent 
s'av6rer  particull6rement  dramatiques. 
L' accident  du  Boeing  707  de  la 
compagnie  Varig  d  Saulx  les  Chartreux, 
le  11  Julllet  1973,  en  est  une  triste 
illustration.  L' avion,  en  proven2mce  de 
Rio  de  Janeiro,  signala  S  la  tour  d'Orly, 
apr^s  un  vol  sans  incident,  un  feu  d 
bord.  Ne  pouvant  rejoindre  la  piste,  il 
fit  un  atterrissage  d'urgence 
parfaitement  r^ussi  d  5  km.  Pourtant 
122  parmi  les  134  occupants  de  1' avion 
avaient  succomb^  d  1' inhalation  des  gaz 
toxiques  Iib6r6s  lors  de  la  thermolyse 
des  mat^riaux  plastiques  d'am^nagement 
de  la  cabine. 

Dans  le  cadre  des  6tudes 
d’ incendies  en  vol,  deux  paraundtres  sont 
essentials,  il  s'agit  de  la  ventilation  et 
de  la  pression  de  la  cabine.  Le  premier 
paramdtre  a  6t6  pris  en  ccmipte  dans  de 
nombreuses  experimentations  (2),  en 
revanche  le  deuxieme  ne  semiile  pas 
avoir  ete  considere.  Or  1*  altitude  cabine 
d'un  avion  en  conditions  normales  de 


vol  comniercial  pent  atteindre  8000  ft, 
ce  qui  correspond  e  une  pression  de  750 
hPa  (FAR  25.841).  De  plus,  dans 
certaines  procedures  op6rationnelles 
mises  en  oeuvre  en  cas  d'incendie, 
r  altitude  cabine  pent  6tre  amenee  k 
10000  ft,  ce  qui  correspond  A  une 
pression  de  700  hPa,  pour  permettre  une 
ouverture  rapide  des  portes  aprAs 
equilibrage  des  pressions  A  I'interieur  et 
A  I'exterleur  de  1' avion. 

C'est  pourquoi  le  Laboratolre  de 
MAdecine  Aerospatiale,  A  la  demande  de 
la  Direction  des  Recherches,  Etudes  et 
Techniques,  a  mis  au  point  im  modeie 
feu  (3)  qui  permet  ; 

-  d'une  part  une  etude  physicochimique 
des  prodults  de  degradation  thermique, 
en  altitude,  de  matAriaux  utilises  dans 
I'amAnagement  des  cabines  d'avion 

-  d'autre  part  I'Atude  de  leur  toxicitA 
sur  I'animal,  la  souris,  lorsqu'ils  sont 
inhales  en  altitude. 

PRESENTATION  DE  L ' EXPERIMENTATION 

1.  MAthodologie 

1.1.  Materiel  experimental 

Le  modAle  feu  comporte  une 
chambre  de  decomposition  thermique, 
une  chambre  d' exposition  des  emimaux 
et  une  po^^)e  (photog^raphle  n®l). 

Chacune  des  chambres  est  un 
cylindre  en  acier  inoxydable  de  96  dm3 
de  volume  r^'ouvrant  A  I'une  de  ses 
extrAmitAs  par  un  couvercle,  les  deux 
cylindres  communiquant  entre  eux  par 
un  tube  spiralA  de  trois  metres  de  long 
servant  d'Achangeur  «-hermique.  La 
chambre  de  decomposition  then^que  est 
munie  d'un  dispositif  d'entrAe  d'air  qui 
permet  de  rAgler  la  pression  A 
I'interieur  des  caissons.  La  chambre 
d' exposition  des  animaux  est  reliAe  A 
une  pompe  qui  eissure  depression  et 
ventilation. 

La  chambre  de  decoii4X>sition 
thermique  co^^x)rte  le  porte-AchantlllcHi 
constltuA  d'un  suf^rt  mAtallique  sur 
lequel  repose  une  nacelle  en  quartz 
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dcuis  laquelle  est  plac6  r6chantillon 
tester.  Le  module  de  chauffage  est 
constitu6  de  trois  6metteurs  infrarouge 
de  1000  W  chacun  places  de  part  et 
d' autre  du  porte-6chantillon  (photo- 
graphle  n°2).  La  chambre  d* exposition 
des  animaux  est  6quip6e  de  quatre 
cages  recevant  chacune  un  animal  et 
Int^gr^es  dans  un  syst^me  de  mesure 
d’ incapacitation  fond6  sur  I'activitfe 
d' exploration  spontan6e  des  animaux 
{ photograph  ie  n^S). 

Le  materiel  de  mesure  est 
constitu6  d'analyseurs  de  gaz  et  de 
capteurs  p>ermettant  le  suivi  des 
paramfetres  physiques  essentiels 
(temperature,  d6bit,  pression).  Les 
oxydes  de  carbone  et  d' azote  sont  dos6s 
en  continu,  par  analyseurs  infrarouge 
pour  le  monoxyde  et  le  dioxyde  de 
carbone,  par  analyseur  fonctionnant  sur 
le  principe  de  la  chimi-luminescence 
pour  le  monoxyde  et  le  dioxyde  d'azote. 
Les  autres  gaz  sont  dos6s  par  tubes 
Dragger. 

1.2.  Protocole 

L'gtude  a  portg  dans  un  premier 
temps  sur  la  toxicitg  du  monoxyde  de 
carbone,  gaz  majeur  dggagg  lors  des 
incendies.  Elle  a  portg  par  ailleurs  sur 
la  thermolyse  de  divers  matgriaux 
utilises  dans  I’amenagement  des  cabines 
d' avion,  S  savoir  le  peupller  (ce 
matgriau,  anclennement  utilise  d  bord 
des  avions  et  ne  dggageant  en  quantity 
importante  que  des  oxydes  de  carbone, 
est  consid6r6  conune  rgfgrence),  deux 
types  de  laine  A  et  B,  un  tissu  Imidex, 
de  la  mousse  polyurethane  (SABLE)  et 
un  tissu  barrigre  feu  (HEXCEL-GENIN). 
Pour  le  monoxyde  de  carbone  et  chacun 
des  inateriaux  testes,  les  essais  ont  ete 
effectues  e  deux  niveaux  de  pression, 
1000  et  700  hPa. 

1.2.1.  Etude  de  la  toxicite  du 
monoxyde  de  carbone  (CO) 

Apres  injection  du  monoxyde  de 
carbone  dans  la  chambre  de  thermolyse, 
I'homogeneisation  a  ete  realisee  en 
environ  2  minutes  grdce  &  une  pompe 
assurant  la  ventilation  en  circuit  ferme 
entre  les  deux  chambres.  Les  souris  ont 


ete  exposees  au  gaz  toxique  durant  20 
minutes. 

A  chaque  niveau  de  pression,  trois 
parametres  biologiques  ont  ete  mesures: 
les  temps  d'  incapacitation,  la 
concentration  letale  50  (Cl  50)  et  les 
taux  de  carboxyhemogiobine. 

L’ incapacitation  est  un  parametre 
essential  en  toxicologie  (4)  puisqu'elle 
entralne  I'impossibilite  de  fuir,  sans 
aide  exterleure,  une  ambiance  toxique. 
Deux  temps  ont  ete  determines,  un 
premier  temps  d' incapacitation 
correspondent  S  la  reduction  de 
I'activite  motrice  spontanee  et  un  ten^)s 
d*  incapacitation  to  tale  correspondant  A 
1  ’  immobilisation  complete. 

La  Cl  50,  exprimee  en  ppm  (parties 
par  million)  et  en  mg/m3  et  detenninee 
sur  des  lots  de  4  souris  exposees, 
correspond  A  la  concentration  en 
monoxyde  de  carbone  entrainant  la  mort 
de  la  moitie  des  animaux  exposes  durant 
une  periode  de  20  minutes.  Elle  a  ete 
evaluee  par  la  methode  des  probits. 

Par  ailleurs  des  Achantillons 
sanguins  ont  ete  recueillls  sur  les  souris 
mortes,  dAs  le  retrait  des  animaux  de 
1' ambiance  toxique  et  au  plus  10 
minutes  apres  la  mort.  Le  pourcentage 
de  carboxyhemogiobine  a  ete  evalue  A 
partir  du  dosage  du  CO  sanguin  par 
chromatographie  en  phase  gazeuse. 

1.2.2.  Etude  de  la  thermolyse  des 
materlaux 

Le  choix  des  conditions  de 
ventilation  et  de  pression  dans  le 
modeie  feu  a  6te  motive  par  la 
connaissance  de  ces  parametres  dans  les 
avions  commerciaux,  dans  lesquels  le 
circuit  de  climatisation  et  de 
pressurisatlon  assure  le  renouvellement 
total  de  Pair  de  la  cabine  en  environ 
3.5  minutes  et  une  pression  cabine 
pouvant  varler  entre  1000  et  700  hPa. 

Les  essais  ont  done  ete  effectues 
avec  un  debit  de  ventilation  de  55 
dm3/min,  en  circuit  ouvert,  A  des 
pressions  de  1000  et  700  hPa. 
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Pour  chaque  niveau  de  pression,  il 
a  r6alis6  une  mont6e  progressive  en 
temperature  jusqu'S  atteindre  700'’C  au 
niveau  des  resistances,  suivie  d'une 
regulation  e  cette  temperature, 
1*  ensemble  de  ces  deux  phases  durant  15 
minutes.  Les  resistances  chauffantes  ont 
alors  ete  debranchees,  le  processus  de 
thermolyse  etant  cependant  etudie  sur 
une  duree  totale  de  30  minutes.  GrSce 
e  ce  systeme  de  chauffage,  le  porte 
echantillon,  vide,  est  porte  e  une 
temperature  de  420®C  en  8  minutes 
environ.  Ce  precede  de  thermolyse 
paralt  mieux  correspondre  aux  conditions 
reelles  d'un  incendie  que  1' exposition 
d*un  materiau  e  une  ten^ierature 
constante. 

L' etude  analytique  a  comporte 
1’ evaluation  du  pourcentage  de  perte  de 
poids  de  1*  echantillon,  la  mesure  de  la 
densite  des  fumees  et  1*  analyse  des  gaz. 

L' etude  toxicologique,  faite  sur  la 
souris,  a  ete  abordee  par  la  mesure  des 
temps  d' incapacitation  et  le  calcul  de 
la  concentration  letale  50,  c'est  e  dire 
la  concentration  en  materiau  entrainant 
la  mort  de  la  moitie  des  animaux 
exposes  aux  produits  de  degradation  par 
thermolyse  durant  une  periode  de  30 
minutes  e  partir  du  branchement  des 
resistances.  Le  plus  classiquement,  la 
concentration  letale  50  est  exprimee  en 
poids  de  materiau  engage  rapporte  au 
volume  d’air  balayant  1' enceinte  de 
thermolyse  ;  11  nous  est  apparu  a  priori 
plus  realiste  de  1' exprimer  en  poi^  de 
materiau  rapporte  au  volume  de 

r  enceinte. 

2.  Resultats 

2.1.  Etude  de  la  toxlcite  du 

monoxyde  de  carbone 

Les  concentrations  letales  50 

exprimees  en  ppm  et  en  mg/m3  figurent 
dans  le  tableau  1. 


Tableau  1 :  concentrations  letales 
50  du  monoxyde  de  carbone 


Ces  resultats  montrent  que  la  Cl 
50  (mg/m3)  t  700  hPa,  exprimee  sous 
forme  de  son  pourcentage  par  rapport  e 
la  Cl  50  e  1000  hPa,  est  de  54  %. 

Pour  ce  qui  conceme  les  taux 
letaux  de  carboxyhemoglobine,  les 
mesures  ont  ete  realisees,  pour  chaque 
pression,  sur  les  preievements  sanguins 
de  8  souris  exposees  e  des 
concentrations  voisines  de  la  Cl  50.  La 
moyenne  de  ces  8  dosages  est  de  83.3  % 
(s  =  10.9)  e  1  000  hPa  et  de  82.1  % 
(s  =  8.8)  e  700  hPa. 

2.2.  Etude  de  la  thermolyse  des 
materiaux 

2.2.1.  Resultats  de  1*  etude 
analytique 

Les  modifications  de  pression  n'ont 
engendre,  pour  la  plupart  des  materiaux, 
que  des  variations  relativement  faibles 
au  niveau  de  la  perte  de  poids,  de  la 
densite  des  fumees  et  du  degagement 
gazeux  des  echantillons.  Seule  la 
thermolyse  de  la  laine  B  s’est  trouvee 
tres  significativement  modifiee  par  la 
depression,  si  Ton  considere  T ensemble 
des  parametres  mesures,  avec  un 
pourcentage  de  perte  de  poids  et  im 
degagement  d'oxydes  de  carbone  et 
d'acide  cyanhydrique  notablement  plus 
faibles.  Nous  noterons  que  le  peuplier 
degage  essentiellement  des  oxydes  de 
carbone  tandis  que  les  autres  materiaux 
etudies  degagent  des  oxydes  de  carbone, 
des  oxydes  d' azote  et  de  I’acide 
cyanhydrique  (Tableaux  2  et  3). 

Les  quantites  de  gaz  toxiques  (d 
r  exclusion  du  dioxyde  de  carbone) 
degagees  par  la  thermolyse  d’ 
echantillons  de  10  g,  calcuiees  pour 
chaque  materiau,  sent  presentees  dans 
les  tableaux  2  et  3,  respectivement  pour 
les  pressions  de  1000  hPa  et  700  hPa. 
Les  resultats  paraissent  sous  forme  de 
leur  moyenne  et  ecart  tyi)e  pour  le 
monoxyde  de  carbone,  les  dosages  ayant 
ete  effectues,  pour  chaque  materiau,  sur 
10  e  20  echantillons  ;  en  revanche 
I'analyse  de  I'acide  cyanhydrique  (HCN) 
et  des  oxydes  d'azote  (NO  et  NO2)  n'a 
porte  que  sur  1  e  2  echantillons. 
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Tableau  2  :  R6sultats  analytiques  ^ 
1000  hPa  (mat6riaux) 


Tableau  3  ;  R6sultats  cuialytiques  & 
700  hPa  (matdriaux) 


2.2.2.  R6sultats  de  l'6tude 
toxicologique 

Les  r6sultats  obtenus  sur  les  temps 
d' incapacitation  ne  sont  pas  pr6sent6s 
6tant  donn6  que  les  variations  observ6es 
en  fonction  du  mat6riau  et  du  niveau  de 
pression  sont  relativement  faibles  pour 
des  ^chantillons  correspondant 
sensiblement  ^  la  concentration  16tale 
50. 

En  revanche  les  valeurs  des 
concentrations  l^taies  50  sont  tr6s 
variables  et  figurent  dans  le  tableau  4  ; 
elles  sont  exprim6es  en  quantity  de 
mat^riau  engage  rapport6e  au  volume  de 
la  chambre  de  thermolyse  : 


Tableau  4  :  Concentrations  letales 
50  h  1000  et  700  hPa  (mat6riaux) 


Si  Ton  exprime  la  Cl  50  h  700 
hPa  sous  forme  de  son  pourcentage  par 
rapport  h  la  Cl  50  ^  1000  hPa,  les 
r^sultats  pour  chaque  mat^riau  sont  les 
suivants  : 


-  peuplier  ;  60  % 

-  mousse  polyurethane  :  60  % 

-  tissu  imidex  :  64  % 

-  laine  A  :  76  % 

-  laine  B  :  96  % 

-  tissu  barriere  feu  :  68  % 

DISCUSSION 

1.  Comparalson  des  divers 
materiaux 

Cette  etude  montre  que  le 


comportement  au  feu,  pour  un  niveau  de 
pression  donne,  peut  verier 


considerablement  d'un  materiau  e 
r  autre,  que  I'on  considere  les 
parametres  analytiques  ou  les  para- 
metres  toxicologiques.  Ainsi,  pour  les 
materiaux  envisages,  la  concentration 
letale  50  e  1  000  hPa  varie  de  614.4 
g/m3  pour  le  peuplier  e  19.7  g/m3  pour 
le  tissu  barriere  feu.  11  existe  une 
bonne  correlation  entre  les  resultats  de 
r  analyse  toxicologique  et  les  resultats 
de  r etude  anal5d;ique.  En  effet,  si  Ton 
considdre  les  quantites  moyennes  de  gaz 
toxiques  (monoxyde  de  carbone,  acide 
cyanhydrique,  monoxyde  d’ azote),  ainsi 
que  les  concentrations  maximales 
rapportees  h  10  gjrammes  de  materiau 
engages,  on  constate  qu' elles  sont  en 
relation  avec  I'ordre  de  toxicite 

croissante  des  materiaux  : 

peuplier  <  mousse  polyurethane  <  tissu 
imidex  <  laine  A  <  laine  B  <  tissu 
barriere  feu). 

2.  Influence  de  la  pression  sur  la 
thermolyse  des  materiaux  et  la  toxicite 
des  gaz  degages 

Si  Ton  exclut  le  cas  de  la  laine  B 
pour  laquelle  les  degagements  de 

monoxyde  de  carbone  et  d' acide 

cyanhydrique  semblent  nettement 
moindres  iorsque  la  pression  diminue,  il 
ressort  de  ces  etudes  que  la  diminution 
de  la  pression  barom6trique  de  1000  d 
700  hPa,  malgre  la  baisse  importante  de 
pression  partielle  en  oxygine  qu'elle 
entraine,  modifie  peu  la  thermol37se  des 
materiaux.  Ceci  s’explique  a  priori  par 
le  fait  que  I'apport  continu  en  oxygene, 
gp'dce  e  une  ventilation  poussee,  est 
suffisant  pour  que  la  depression  ne  soit 
pas  un  facteur  limitant  la  thermol37se. 
Mais  ceci  n’est  naturellement  vrai  que 
dans  nos  conditions  experimentales 
particulieres  oO  les  poids  maximaux 
d'echantillons  engages  n'exc6dent  que 
peu  les  poids  d'echantillons  cor- 
re^ndant  d  la  Cl  50.  Toutefois  il  ne 
fait  guere  de  doute  que,  pour  des 
quantites  trds  importeintes  de  materiau, 
la  depression  deviendrait  un  facteur 
limitant  de  la  thermol3rse  pour  des 
valeurs  usuelles  de  la  ventilation. 

D'un  point  de  vue  toxicologique, 
pour  une  meme  quantite  de  gaz  toxiques 
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d^gag^e,  r  experimentation  montre  que, 
pour  cinq  des  materiaux  etudies,  la 
depression  majore  considerablement  ia 
toxicite  sur  i'animai.  Cette  influence  de 
la  depression  est  egaiement  observee 
avec  le  monoxyde  de  carbone  pour 
lequei  ia  Ci  50  (mg/m3),  pour  une 
exposition  de  20  minutes,  est  divisde 
par  2  environ  iorsque  ia  pression 
barometrique  passe  de  1000  d  700  hPa. 
En  ce  qui  conceme  I'acide 
cyanhydrique,  une  etude  effectude  sur 
la  souris  (5)  montre  que,  pour  un  temps 
d*  exposition  de  30  minutes  d  pression 
atmospherique  standard,  la  CL  50  est 
environ  divisde  par  deux  Iorsque  la 
pression  partielle  en  oxygdne  passe  de 
210  hPa  d  138  hPa,  ce  qui  correspond 
aux  pressions  partielles  en  oxygdne  pour 
des  pressions  atmospheriques  de 
respectivement  1000  et  660  hPa. 

L'influence  de  I'altitude  sur  la 
toxicite  du  monoxyde  de  carbone  et  de 
I'acide  cyanhydrique  est  cohdrente  avec 
le  mode  d’ action  toxique  de  ces  deux 
gaz.  En  effet  le  monoxyde  de  carbone 
se  combine  de  fagon  reversible  d 
I'hemoglobine,  pour  laquelle  il  a  une 
affinite  tres  supdrieure  d  celle  de 
I'oxygdne,  et  forme  de  la 
carboxyhemoglobine  ;  il  rdduit  ainsi  la 
quantite  d'oxygdne  transportde  par  le 
sang  sous  forme  d'oxyhemoglobine  et 
llmite  de  plus  la  liberation  de  I'oxygdne 
au  niveau  des  tissus  en  ddpiagant  vers 
la  gauche  la  courbe  de  dissociation  de 
Themoglobine.  L'intensite  de 

r  intoxication  est  sensiblement  fonction 
du  pourcentage  de  carboxyhemoglobine 
formee.  11  est  dgalement  connu  que  le 
monoxyde  de  carbone  gagne  les 
territoires  extravasculaires.  Il  semble 
par  ailieurs  avoir  un  effet  toxique 
direct  sur  les  tissus  en  se  li5mt  d  la 
cytochrome  oxydase  (6).  La  balsse  de 
pression  barometrique  et  par  consequent 
la  baisse  de  pression  partielle  en 
oxygdne  dans  Pair  inspire  entraine  une 
diminution  de  la  pression  partielle 
arterieile  en  oxygdne.  Or  le  pourcentage 
de  carboxyhemoglobine,  d'aprds 
1’ equation  de  Haldane,  est  proportionnei, 
d  I'equilibre,  au  rai^rt  des  pressions 
partielles  artdrielles  en  oxygdne  et  en 
monoxyde  de  carbone.  Ceci  expiique  au 
moins  en  partie  1' augmentation  de 


toxicite  du  monoxyde  de  carbone  Iorsque 
la  pression  barometrique  decroit  de  1000 
d  700  hPa,  la  mort  survenant  pour  des 
pourcentages  en  carboxyhemoglobine 
comparables  dans  les  deux  cas. 

Pour  ce  qui  conceme  I'acide 
cyanhydrique,  il  agit  en  se  combinant  d 
la  cytochrome  oxydase,  empechant  ou 
limitant  1' utilisation  par  les  tissus  de 
I'oxygdne  transporte  par  le  sang,  en 
particulier  au  niveau  du  centre 
respiratoire.  Experimentalement,  il  est 
demontre  que  la  baisse  de  pression 
partielle  en  oxygdne  dans  I 'air  inspird 
augmente  les  effets  toxiques  de  I'acide 
cyanhydrique.  D'aprds  certains  auteurs 
(7),  cette  augmentation  de  toxicitd 
seralt  due  d  une  affinitd  accrue  de 
I'acide  cyanhydrique  pour  la  cytochrome 
oxydase. 

L'influence  de  I'hypoxie  sur  la 
toxicitd  des  autres  gaz  susceptibles  de 
se  ddgager  lors  d'incendies,  en 
particulier  les  oxydes  d' azote  et  I'acide 
chlorhydrique,  n'est  pas  connue.  11  est 
cependant  F>ermis  de  supposer  que  la 
toxicitd  du  monoxyde  d' azote  est 
fegalement  influencde  par  I'altitude, 
dtant  donnd  que  ce  gaz  a  pour  cible, 
comme  le  monoxyde  de  carbone, 
I'hdmoglobine.  Il  provoque  la  formation 
de  mdthdmoglobine  non  fonctionnelle. 

Les  rdsultats  obtenus  sur  les  gaz 
purs  permettent  d' interpreter  les 
donndes  recueillies  lors  de  I'dtude  des 
matdriaux.  Ceux-ci  ddgagent  du 
monoxyde  de  carbone  et/ou  des  oxydes 
d'azote  et  de  I'acide  cyanhydrique.  Il 
est  done  normal  de  constater  que  la 
toxicite  de  leurs  produits  de  thermolyse 
est  accrue  Iorsque  la  pression 
barometrique  diminue,  dans  la  mesure  ou 
leur  thermolyse  n'est  pas  modifiee.  Il 
faut  cependant  noter  que,  lors  de  la 
degradation  thermique  des  materiaux,  les 
concentrations  en  gaz  toxiques  etant 
tr6s  variables  en  fonction  du  temps,  les 
conditions  d' intoxication  ne  peuvent 
etre  directement  comptarees  aux 
conditions  d' intoxication  par  des  gaz 
purs  d  concentrations  constantes.  Par 
ailieurs,  cette  degradation,  s'accom- 
pagnant  d'un  degagement  important  de 
dloxyde  de  carbone,  est  d  I'origine  par 
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elle-m^me  d'une  diminution  de  la 
pression  partielle  en  oxyg6ne  dans 
I 'ambiance. 

3.  Toxlclt^  pour  I'honune 

Les  effets  toxiques  des  produits  de 
thermolyse  6tant  mis  en  Evidence  sur 
1' animal,  il  faut  bien  6videmment 
s’interroger  sur  la  possibility 
d'extrapoler  ces  r^sultats  h  Thomme.  La 
souris  est  considyree  comme  un  bon 
modyie  pour  les  intoxications  par  voie 
respiratoire.  D'aprys  les  donnyes  de  la 
littyrature  (9,10),  si  Ton  considyre  le 
monoxyde  de  carbone  et  I'acide 
cyanhydrique,  il  semble  que  les 
concentrations  ly  tales  chez  Thonune, 
pour  des  temps  d' exposition  de  3() 
minutes,  ne  soient  pas  extrymement 
diffyrentes  de  celles  observyes  chez  la 
souris,  Thomme  restant  cependant  moins 
sensible  au  monoxyde  de  carbone  et  plus 
sensible  h  I'acide  cyanhydrique.  Ceci 
s'expliquerait  en  partie,  pour  le 
monoxyde  de  carbone,  par  le  fait  que 
les  cinytlques  de  1*  Intoxication  sont  trds 
diffyrentes,  I'yquilibre,  pour  des 
concentrations  de  I'ordre  de  150  h  1100 
ppm,  ytant  probablement  attelnt  en 
moins  de  30  minutes  chez  la  souris  et 
en  environ  2  5  5  heures  pour  I'honune 
(11,  12). 

CONCLUSION 

En  conclusion,  les  ytudes  que  nous 
avons  menyes  ont  permis  une  approche 
des  risques  engendrys,  en  cas  d'incendle 
5  bord  d'un  avion,  par  la  thermolyse  de 
divers  matyriaux  utilisys  dans 
I'amynagement  des  cabines. 

Les  avions  ytant  soumis  en  vol  5 
des  conditions  normalisyes  de  ventilation 
et  de  pression,  nous  nous  sommes 
attachys  5  recryer,  dans  un  modyie  feu 
de  laboratoire,  les  conditions  de 
ventilation  et  5  ytudier  1' influence  de 
la  pression  sur  les  phynomynes  de 
thermolyse  et  les  risques  toxiques.  La 
souris  a  yty  choisie  comme  modyie 
animal. 

Dans  nos  conditions  expyrimentaies, 
la  baisse  de  pression  baromytrique  de 
1000  5  700  hPa  n’a  pzis  modlfiy  trys 


significativement  la  thermolyse  pour 
cinq  des  six  matyriaux  ytudiys  (peuplier, 
mousse  de  polyurythane,  tissu  imidex, 
laine  A,  tissu  barriyre  feu).  En 
revanche,  pour  ces  cinq  matyriaux,  la 
baisse  de  pression  a  engendry  une 
augmentation  trys  significative  de  la 
toxicity  du  myiange  de  gaz  toxiques 
dygagy  lors  de  la  thermolyse,  myiange 
dans  lequel  le  monoxyde  de  carbone 
et/ou  I'acide  cyanhydrique  ont  une  part 
prypondyrante.  Le  sixiyme  matyriau 
(laine  B),  qui  n’a  pas  rypondu  comme  le 
prycydent,  montre  5  quel  point  des 
matyriaux  apparemment  comparables, 
comme  deux  laines,  peuvent  avoir  des 
comportements  trys  diffyrents. 

Ces  rysultats  montrent  done 
I'intyryt  de  prendre  en  compte  la 
pression  dans  I’ytude  des  risques 

engendrys  par  un  incendie  en  vol  et 
mettent  ygalement  en  yvidence  combien 
il  est  difficile  de  maitriser  1' ensemble 
des  paramytres  intervenant,  en  situation 
ryelle,  dans  ces  phynomynes. 
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Tableau  1  :  concentrations  letales  50  du  monoxyde  de  carbone 


Pression 

CL  50 

CL  50 

(hPa) 

(ppm) 

(mg/m3) 

1000 

5708  (s  =  190) 

6537  (s  =  218) 

700 

4369  (s  =  185) 

3502  (s  =  148) 

Tableau  2  :  R6sultats  analytiques  h  1000  hPa  (mat^riaux) 


Materiau 

CO  (g) 

HCN  (mg) 

NO  (mg) 

NO2  (mg) 

Peuplier 

1 

(s  =  0.15) 

/ 

/ 

/ 

Mousse  PU 

2.29 

(s  =  0.39) 

87 

10 

8.6 

Imidex 

2.33 

(s  =  0.40) 

118 

23 

79 

Laine  A 

2.62 

(s  =  0.29) 

231 

50 

132 

Laini^  B 

3.61 

(s  =  0.66) 

640 

64 

131 

Barrie re 
f  eu 

5.23 

(s  =  0.93) 

855 

92 

116 

Tableau  3  :  R6sultats  analytiques  ^  700  hPa  (materiaux) 


Materiau 

CO  (g) 

HCN  (mg) 

NO  (mg) 

NO2  (mg) 

Peuplier 

1.02 

(s  =  0.18) 

/ 

/ 

/ 

Mousse  PU 

2.62 

(s  =  0.81) 

12 

13 

5.1 

Imidex 

1.78 

(s  =  0.20) 

86 

19 

54 

Laine  A 

1.87 

{s  =  0.14) 

- 

- 

- 

Laine  B 

2.30 

(s  =  0.57) 

280 

54 

180 

Barriere 

feu 

4.17 

(s  =  0.38) 

536 

85 

164 

Tableau  4  :  Concentrations  l^tales  50  d  1000  et  700  hPa  (materiaux) 


Materiau 

CL  50  (g/m3) 
a  1000  hPa 

CL  50  (g/m?) 
a  700  hPa 

Peuplier 

614.4  (s  =  39.3) 

370.6  (s  =  8.4) 

Mousse  PU 

133.6  (s  =  2.1) 

79.9  (s  =  0.4) 

Tissu  imidex 

95.7  (s  =  4) 

61.3  (s  =  2.1) 

Laine  A 

67.1  (s  =  3.8) 

51  vS  =  2.9) 

Laine  B 

25.1  (s  =  0.1) 

24  (s  =  0.5) 

Tissu  barridre  feu 

19.7  (s  =  0.8) 

'3.4  (s  =  0.3) 

asiiiiai 
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□e  gauche  a  droite  :  la  chambre  d'exposition  des  animaux.  le  tuyau  de  raccordement 
en  spirale  et  la  chambre  de  decomposition  thermique 


PHOTOGRAPHIE  N°  2 

CHAMBRE  DE  DECOMPOSITION 
THERMIQUE  (interieur) 


PHOTOGRAPHIE  N.  3 


Inteqration  de  1 ' actographie  dans  la  chambre  d'expositioc 
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SDMMARY 

After  accidents  with  fume  in  the  cockpit  a 
characteristic  profile  of  pyrolysis  pro¬ 
ducts  is  gaschromatographical ly  often 
detectable  in  the  blood4  This  profile  we 
have  to  distinguish  from  an  inhalation  of 
fuel  or  from  a  fasting  blood.  The  sensiti¬ 
vity  was  improved.  If  carbonyl  compounds 
are  supposed  in  the  biological  materials, 
we  identify  them  by  the  reaction  with 
semicarbaz ide  xn  the  head  space  bottles  of 
the  gaschromatograph.  From  about  5%  CO-Hb, 
we  determine  photometrically  the  cyanide 
level . 

After  a  fatal  crash  over  the  sea  bromide- 
concentrations  were  found  in  the  examina¬ 
tion  materials,  which  exceeded  clearly 
the  physiological  area.  All  previous 
results  with  essential  longer  immersion- 
times  in  sea-water  told  against  a 
contingent  uptake  of  bromide  from  the  sea. 
Experiments  with  animal  and  human  lungs 
demonstrated,  that  we  have  to  calculate 
with  such  an  enrichment  in  biological 
materials  yet.  With  this  knowledge,  a 
second  pilot  in  an  analogous  case  could  be 
cleared  from  the  suspicion  of  having 
abused  bromine  containing  sedatives,  too. 
In  estimating  the  blood  alcohol  level  of 
one  material  from  a  corpse,  we  ascertained 
gaschromatographical ly  distinct  higher 
values  than  with  the  enzymatic  method. 
Further  examinations  showed  that,  caused 
by  bacterial  putrefaction,  an  alcohol 
formation  occured  during  the  sample 
preparation.  Any  alcohol  concentrations  in 
the  elder  literature  have  to  be  regarded 
under  a  new  aspect  after  that. 

In  some  investigations  of  dead  pilots  we 
identified  hypnotics.  In  one  case  it 
succeeded  to  determine  the  time  of  intake 
with  the  more  unspecific  thin-layer 
chromatography  instead  of  mass  spectro¬ 
metry.  According  to  that,  the  extraction 
procedures  became  modified.  The  different 
used  extraction  methods  for  the  single 
drug  categories  will  be  compared. 


INTRODUCTION 

The  medical  investigations  of  military  or 
(ivil  flight  accidents  are  not  complete 
without  chemica 1 -toxicological  analyses  as 
a  rule.  Here  examinations  will  be  presen¬ 
ted,  which  caused  variations  in  the  scheme 
of  the  chemical  laboratory.  The  procedures 
therefore  resulting  will  be  compared  with 
the  traditional  ones. 


The  svTCalled  expression  "smoke  in  the 
co*:kpit"  may  refer  to  a  wide  variety  of 
processes  -  the  fumes  may  originate  from 


an  overloaded  battery  or  may  consist  of 
water  vapor  from  the  cockpit  heating 
system.  However,  it  could  also  be  oil 
vapor  or  smoke  generated  by  a  burning 
cable.  The  two  latter  defects  manifest 
themselves  by  a  characteristic  profile  in 
the  gas  chromatogram. 

For  analyses  of  this  kind,  we  use  columns 
of  2  m  X  1/4  inch  with  15%  Carbowax  1500 
on  Chromosorb  W-NAW.  The  temperature  of 
the  oven  ist  8>*  C,  that  of  the  injector 
is  120'  C  and  that  of  the  FID  is  150"  C. 

42  ml  of  Na/min  are  used  as  carrier  gas. 

2  ml  of  cooled  blood  or  fluid  pressed  from 
tissue  with  1  g  of  KaCO»  or  2  ml  of  urine 
with  2  g  of  KaCOa  are  filled  into  cooled 
head  space  flasks  with  a  capacity  of  20  ml 
each  to  serve  as  samples.  However,  changes 
in  carbonyl  compounds  caused  by  the  alka¬ 
line  medium  must  be  reckoned  with.  1  or 
0.5  ml  of  gas  phase  of  the  sample  which  is 
kept  at  a  constant  temperature  of  60*  C 
are  injected. 

A  gas  chromatogram  which  would  characte¬ 
rize  the  above  mentioned  defects  must  at 
least  contain  3  pronounced  peaks  or  4 
peaks  of  different  heights  in  front  of 
acetaldehyde,  i.e.  in  front  of  n-hexane. 
They  denote  low-molecular  hydrocarbons 
which  have  developed  as  a  result  of  pyro¬ 
lysis  of  organic  material .  For  better 
perceptibility  Fig.  1  shows  a  spread 
chromatogram,  the  technique  will  be 
mentioned  later. 

A  chromatogram  of  this  kind  must  be 
distinguished  from  that  of  somebody  who 
has  absorbed  kerosine  (Fig.  2)  or  who  has 
not  had  breakfast  yet  (Fig.  3)  or  from  a 
chromatogram  which  is  impaired  by 
impurities  in  the  air  of  the  laboratory 
(Fig.  4)  or  by  transportation  in  vacuum 
syringes  made  of  plastics. 

Using  the  same  injection,  we  determine 
from  a  crew  member's  blood  whether  he  was 
under  the  influence  of  alcohol,  or  from 
his  blood  or  urine  whether  certain  dia¬ 
betic  conditions  were  present.  Putrefac¬ 
tion  which  could  also  lead  to  false 
results  in  the  testing  of  material  is  also 
recognized  using  this  method.  However,  the 
mutual  influence  the  different  alcohols 
have  on  the  respective  retention  times 
must  also  be  noted  (Tab.  1). 

By  means  of  a  second  injection  taken  from 
the  same  sample  flask,  the  range  of 
components  with  a  higher  boiling  point  is 
examined  at  a  column  temperature  of 
140*  C. 
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If  a  chromatogram  seems  to  contain  several 
substances  with  almost  identical  retention 
times,  another  sample  is  bottled,  which, 
however,  is  injected  at  an  oven  tempera¬ 
ture  of  70*  C  with  40  ml  of  Na/mj.n,  while 
the  paper  speed  is  slowed  down  by  a  factor 
of  10.  These  conditions  are  generally 
sufficient  to  achieve  a  differentiation 
between  similar  peaks. 

When  the  message  "smoke  in  the  cockpit"  is 
received,  two  more  head  space  flasks  are 
immediately  filled  with  2  ml  each  of  the 
material  to  be  tested.  However,  the  salt 
that  is  added  consists  of  sodium  acetate 
and  in  addition  one  flask  contains  semi- 
carbazide  in  an  amount  that  fits  on  the 
tip  cf  a  spatula.  If  in  the  first  chroma¬ 
togram  there  are  peaks  which  may  belong  to 
extraordinary  aldehydes  or  ketones,  flasks 
2  and  3  are  used  in  order  to  identify 
components  of  this  kind.  The  increase  in 
the  pressure  of  the  vapor  which  is  caused 
by  sodium  acetate  is  of  course  smaller 
than  the  increase  brought  about  by 
potassium  carbonate.  Using  this  method,  we 
for  example  identified  formaldehyde 
several  times;  we  of  course  always 
identified  acetone  and  acetaldehyde  but 
rarely  found  raethylethylketone.  However, 
we  very  often  noticed  an  increase  in  a  Cs- 
ketone,  probatly  diethy Iketone ,  which  has 
biological  reasons.  Unfortunately  we  have 
no  literature  at  our  disposal  which  would 
provide  information  on  the  way  this 
compound  develops. 

By  means  of  a  parallel  analysis  carbon- 
monoxide-hemoglobin  is  identified  photo¬ 
metrically  applying  a  "9  wave  lengths 
method".  If  as  a  result  of  "smoke  in  the 
cockpit",  the  carbon  monoxide  content 
exceeds  certain  given  limits,  the  cyanide 
content  is  determined.  We  presently  use 
the  photometric  method  of  Pranitis  and 
Stolman’' . 

A  level  of  3  %  of  CO-hemoglobin  found  in  a 
non-smoker  who,  after  discovering  the 
smoke,  switched  to  100%  oxygen,  definitely 
exceeds  this  limit.  In  the  case  of  a 
smoker,  the  type  of  aircraft,  the  flying 
time,  the  time  of  oxygen  inhalation  and 
the  time  that  has  elapsed  since  the  inci¬ 
dent  occured  must  be  taken  into  account. 

If  the  quantity  of  the  cyanide  found 
exceeds  0,4  ug/ml,  investigations  will  be 
directed  if  a  fire  or  a  smoldering  fire 
had  happened  which  might  have  affected 
polyamide-,  poly-urethane-  or  polyimide- 
parts. 

If  the  determined  values  point  to  an 
intoxication  by  carbon  monoxide  or  to  a 
combined  intoxication,  the  flight  surgeon 
must  be  informed  immediately  as  it  may 
become  necessary  to  ground  the  person 
concerned . 


After  a  fatal  flight  accident  on  sea,  we 
conducted  an  X-ray  fluorescence  analysis 
and  found  the  following  bromide  concen¬ 
trations  in  the  materials  tested  (Tab.  2): 

We  accept  values  up  to  about  1  mg  %  as 
norma  1 . 

The  corpse  was  only  moderately  destroyed; 
the  immersiontime  in  the  sea  amounted  to  4 


hours  approximately.  The  toxicological 
examinations  did  not  indicate  the  presence 
of  drugs  or  any  metabolites  resulting  from 
them. 

The  analysis  was  carried  out  under  the 
following  conditions  (Tab.  3): 

In  all  earlier  analyses  following  a  fatal 
crash  on  sea,  the  bromide  concentrations 
found  had  been  normal.  Here,  only  those 
cases  are  listed  in  which  the  corpses  had 
been  exposed  to  sea-water  for  a  relatively 
long  period  of  time  and  partly  had  suf¬ 
fered  severe  damage  (Tab.  4). 

Later  analyses  yielded  analogous  results 
and  are,  thus,  also  shown  here  (Tab.  4a). 

This  meant  that  only  tests  could  provide 
information  on  whether  absorption  of 
bromide  from  sea-water  by  parts  of  bodies 
is  possible.  For  this  purpose,  the  fresh 
lungs  of  pigs  and  later  human  lungs  were 
placed  into  sea-water. 

The  table  shows  that  bromide  was  absorbed 
in  all  cases  (Tab.  5). 

Parallel  to  that  the  amount  of  chloride 
increases,  as  is  to  be  expected.  (Tab.  6) 
This  means  that  we  must  reckon  with  the 
possibility  that  corpses  may  absorb 
quantities  of  bromide  approximately  up  to 
the  content  present  in  the  sea-water,  no 
matter  to  what  extent  they  have  been 
destroyed  and  largely  irrespective  of  the 
time  they  have  been  exposed  to  the  water 

These  findings  enabled  us  to  invalidate 
the  suspicion  that  the  victim  of  another 
crash  had  taken  drugs  containing  bromine 
(Tab.  7) .  This  dead  too,  was  only 
destroyed  moderately  and  had  been  exposed 
to  the  water  for  approximately  4  hours. 
Also  in  this  case,  the  toxicological 
analyses  did  not  provide  any  indications 
of  the  pres, -nee  of  drugs  or  resulting 
metabolites  in  the  material  tested. 


In  the  case  of  another  dead,  who  had  been 
recovered  from  the  sea  after  7  days,  we 
were  surprised  by  the  results  of  the  blood 
alcohol  determination.  In  spite  of 
repeating  the  analysis  we  found  50%  and 
175%  more  ethanol  when  employing  the  gas 
chromatographic  method  as  compared  to  the 
enzymatic  method  (Tab.  8).  We  found  an 
explanation  for  these  impossible  results 
when  we  detected  that  less  alcohol  was 
indicated  after  the  period  of  thermosta- 
tisation  of  the  head  space  flasks  had  been 
halved,  but  even  higher  ethanol  concentra¬ 
tions  were  indicated  after  this  period  had 
been  doubled.  In  other  words:  Ethanol  had 
developed  in  the  sample  flasks  during  the 
thermostatisation  process.  A  microbiolo¬ 
gical  analysis  showed  that  the  material  to 
be  tested  was  contaminated  by  various 
genera  of  enteric  Bacteriaceae .  In 
contrast  to  the  lungs,  the  spleen  did  not 
smell  of  putrefaction. 

These  observations  might  be  an  explanation 
for  several  peculiarities  in  elder  alcohol 
determinations  in  which  the  volatile 
substances  had  been  distilled  off  under 
neutral  conditions  and  at  a  reduced 
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t>rt;ssure.  Decay  processes  of  this  kind  are 
in  principle  also  conceivable  after  pieces 
of  tissue  have  been  weighed  into  head 
space  flasks. 


In  the  cases  of  several  analyses  after 
flight  accidents  we  detected  hypnotics  of 
the  ben.:odia^epine  family  in  the  biolo¬ 
gical  material.  In  spite  of  the  fact  that 
non-chlorinated  solvents  had  been  used  for 
the  extractions,  the  metabolites, 
artefacts  and  parts  of  unchanged  drug 
appeared  in  all  4  extracts,  i.e.  in  the 
acid  extract  and  in  the  following  alkaline 
one.  After  the  following  hydrolysis,  parts 
of  these  substances  again  appeared  in  the 
acid  extract  and  parts  of  them  in  the 
subsequent  alkaline  extract.  Detection 
sensitivity  may  be  considerably  impaired 
as  a  result  of  this  fact.  Since  we  made 
these  observations,  we  have  always  exposed 
2  to  3  ml  of  urine  or  blood  to  direct 
hydrolysis;  we  then  only  produce  an 
alkaline  extract  and  apply  the  entire 
residue  to  a  thin-layer  foil  which  we  use 
for  identification  by  means  of  the 
Bratton-Marshal 1  reagent’  or  another 
suitable  reagent.  In  one  case  we  even 
succeeded  in  identifying  the  metabolite 
hy druxyethy 1 f 1 uraxepan  and  its  fission 
product  whicli  are  important  to  determine 
the  Lime  of  ingestion,  whereas  the  mass 
■spectrometer  failed  i  i  spite  of  selected 
ion  monitoring  as  far  as  the  standard 
extracts  were  concerned. 

Fur  tile  extraction  of  pha rmaceut ica  1  s  and 
drugs  of  abuse  we  mo. "ly  use  XAD-2 
columns.  If  only  a  screening  from  a  urine 
IS  required,  most  fr.ouently  only  an 
alkaline  elution  is  i  'nducted  first.  As  a 
result  of  this  process,  the  important 
barbiturates  also  ge*  into  the  extract  in 
the  familiar  way.  Ho'  ever,  we  use  as  a 
rule  d ich loromethane  with  5-  ct  i-propanol 
and  subsequently  eth> .acetate  for  elution. 
It  is  to  be  noted  th- L  the  solvents  are 
not  mixed. 

If  special  acid  compcunds  are  to  be  iden¬ 
tified  from  blood,  t  e  blood  is  first 
precipitated  with  an  equal  volume  of 
acetonitrile.  After  .  en t r i f uga t ion ,  the 
superriat.int  is  put  o  a  XAD-2  column  for 
acid  extraction. 


Fortunately,  we  only  receive  few  requests 
for  the  determinat ior  of  drugs  of  abuse 
and  thus  we  can  afforl  to  concentrate 
1  irge  quantities  of  u-ine  by  means  of 
freeze  drying,  slightly  acid  urine,  self- 


evident.  In  the  case  of  hashish,  the  whole 
process  must  be  carried  out  in  darkness, 
of  course,  and  the  individual  analysis 
steps  should  be  carried  out  in  quick 
succession,  losing  as  little  time  in 
between  as  possible.  Under  these  condi¬ 
tions  the  detection  of  cannabinol  and 
cannabidiol  with  their  long  half-live 
times  by  means  of  thin-layer  chroma¬ 
tography  is  quite  sufficient. 

We  identify  cocaine  using  the  mass 
spectrometer,  methylating  its  main 
metabolite  with  the  help  of  trimethyl- 
aniliniumhydroxide  according  to  the  flash 
heater  method. 

We  use  the  same  derivatisation  method  in 
order  to  detect  biochemical  changes.  After 
the  urine  has  been  saturated  with  sodium 
chloride,  we  use  ether  for  acid  extrac¬ 
tion,  followed  by  ethy lacetate .  As  a 
result,  the  scope  of  substances  that  can 
be  determined  by  mass  selective  detection 
ranges  from  hydroxy  acids  to  neutral 
substances . 

In  this  respect  we  expect  a  valuable  help 
by  the  new  atomemission  detector, 
especially  in  identifying  unknown  metabo- 
1 ites . 


Let  me  state  finally  that  our  future  work 
will  include  in  a  forced  manner  tasks  of 
the  occupational  medicine  that  occur  in 
the  area  of  aviation. 

Also  a  great  problem  will  give  the 
detection  of  highly  affective  modern 
drugs,  that  means  used  in  doses  of 
approximately  0,1  mg.  We  have  to  develop 
more  sensitive  extraction  methods  for  this 
purpose  and  last  not  least,  we  need  the 
most  sensitive  analytical  equipment. 
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Tab.  1  Retention  times 


single  miscellanous 

substances 


Ethanol 

2,26 

2,15 

Butanol-2 

3,46 

3,28 

n-Propanol 

3,85 

3,58 

i-Butanol 

5,05 

4,68 

n-Butanol 

7,00 

6,48 

Tab.  2  Case  8  M,  bromide  content 

Fluid  from  pressed  lung  1,57  mg% 
Stomach  content  1,95  mg% 


Tab. X-Ray  Fluorescence  Conditions 

Spectrometer  PW  1410  (Philips) 

Molybdenum  tube 
60  kV 
25  mA 
LiF-crystal 
scintillation  counter 
2  e  angle  29,9  K  ,and  30.0 
collimator  fine 
5  ml  fluid  cuvets 
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Tab.  4 


Former  caaaa  with  normal  bromide  lavela 


immeralon  time  In  eea 

22  h  North  aea  (lata 
66  h  Yaaelaea 
few  h  Baltic  aea 
7  daya  Baltic  aea 


atate  of  the  corpae 

large  deatructlon 
large  deatructlon 
large  deatructlon 
no  deatructlon 


analyzed  material 
fluid  praaaed  from 

muacia 

lung 

lung 

aplaen 


Tab.  4a 

Later  cases  with  normal  bromide  levels 


immersion  time  in  sea 
104  h  North  sea 

19.5  h  Baltic  sea 


state  of  the  corpse 
large  destruction 
small  destruction 

no  destruction 
no  destruction 


analyzed  material 
fluid  pressed  from 
muscle 

thoracic  blood 
thoracic  blood 


Tab.  5 


Experiments  in  account  of  a  bromide  admission 


fluid  pressed  from  pig  lung 

0,00  ing  %  bromine 

North  sea  water 

5.00  " 

fluid  pressed  from  pig  lung 

24  h  deposited  in  sea  water 

2,80  " 

48  h  deposited  in  sea  water 

3.15  ■ 

synthetic  seawater 

4,90  " 

fluid  pressed  from  human  lung 

0.38  ” 

fluid  pressed  from  human  lung 

3  h  deposited  in  sea  water 

3.30  "  "  (- 

6  h  deposited  in  sea  water 

4,60  ”  '■  (- 

24  h  deposited  in  sea  water 

4,60  "  ■’  (- 

4S-7 


Tab.  6 


Chloride  admission  from  sea  water 

fluid  pressed  from  human  lung 

0,35  % 

Chloride 

Lung  (value  from  literature) 

0,25  % 

Chloride 

conversioned  according  to  water  content 

0,31  % 

Chloride 

fluid  pressed  from  human  lung, 
deposited  3  h  in  sea  water 

1,24  % 

Chloride 

(-0,35%  "  ) 


fluid  pressed  from  lung  cf  case  3  N  0,70  %  Chloride 


Tab.  7 

Case  3  N,  bromicie  content 


2,24  mg  %  bromide 
2,00  mg  %  bromide 
2,56  mg  %  bromide 

Tab.  8 

Case  O  6,  alcohol  formation 


fluid  pressed  from 
lung 

muscle 

liver 


fluid  pressed  from 

lung 

spleen 


gaschromatographic 
0,44  O/oo 
0,94  0/00 


enzymatic 

0,290/00 

0,34  o/oo 
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27  YEARS  ARMED  FORCES  AEROSPACE  PATHOLOGY  AHD  TOXICOLOGY 
IN  THE  FEDERAL  REPOBLIC  OF  GERMANY: 
DEVELOPMENT,  CURRENT  STATOS,  TRENDS  AHD  CHALLENGES 

B.  Mayr,  G.  Apel,  M.  Kramer 
German  Air  Force  Institute  of  Aviation  Medicine, 
Aerospace  Pathology  and  Toxicology 
Post-office  box  1264  KFL 
D-8080  Furstenfeldbruck 
Germany 


Summary 

The  west  German  armed  forces  Aerospace 
Pathology  and  Toxicology  was  founded  in 
April  1964  as  a  division  of  the  German 
Airforce  Institute  of  Aerospace  Medicine. 
Prof.  S.  Krefft  was  assigned  the  develop¬ 
ment  of  this  division  in  a  time  of  increa¬ 
sing  accident  rates  due  to  the  so-called 
"F-104  G  Starfighter  crisis".  Krefft  deve¬ 
loped  the  concept  of  a  mobile,  airborne 
investigation  and  autopsy  team  with  cen¬ 
tralized  laboratories  for  identification, 
histopathology  and  toxicology  at  Fiirsten- 
feldbruck  AFB,  near  Munich.  Though  the 
doctors  of  the  autopsy  team  normally  are 
adressed  as  pathologists,  they  are  in  fact 
forensic  pathologists,  thereby  meeting  the 
requirements  of  german  law. 

Trends  in  accidents  and  incidents  are 
evaluated  and  discussed  with  respect  to 
future  developments.  New  methods  and 
technique'"  are  presented  such  as  DNA-based 
identification. 


Introduction  and  History 
By  founding  the  Institute  of  Aviation 
Medicine  in  1959,  the  German  Air  Force 
early  responded  to  special  aeromedical 
questions  raised  by  the  increased  employ¬ 
ment  of  jet  aircraft. 

This  institute  was  established  at  the 
Furstenfeldbruck  military  airfield  and, 
with  its  departments,  has  ever  since 
contributed  under  various  aspects  to 
enhance  flying  safety  and  supported  the 
flying  Units  of  all  three  services. 

Department  V  -  Aerospace  Pathology  and 
Toxicology  -  was  established  in  April 
1964  at  a  time  when  the  number  of  aircraft 
accidents  strongly  increased  owing  to  the 
so-called  "F-104  Starfighter  crisis". 

The  reasons  behind  the  foundation  of  the 
department  wese  the  expectation  and  requi¬ 
rement  of  the  military  commands  and  units 
to  clarify  growingly  urgent  medical  as¬ 
pects  in  flying  safety.  The  investigation 
of  aircraft  accidents  caused  by  the  "human 
factor"  had  become  more  and  more  impor¬ 
tant.  Professor  Krefft,  the  former  head  of 
the  Institute  for  Forensic  Medicine  of  the 
University  of  Leipzig,  was  tasked  to  build 
up  and  manage  the  department. 

Tasks  and  Reguireswnts 

What  have  ever  since  been  the  objectives 
of  Aviation  accident  medicine? 

In  our  department  aircraft  accidents  and 
incidents  are  evaluated  and  analysed  in 
order  to  draw  conclusions  how  accidents 
may  be  prevented  and  cockpit  safety 
improved  in  cooperation  with  aircraft 


engineers  and  developers. 

As  an  example  it  may  mention  the  impro¬ 
vement  of  the  sheath  of  the  pilot  knife. 

It  had  frequently  happened  that  the  ex¬ 
treme  acceleration  force  typically  oc¬ 
curring  in  aircraft  accidents  and  inci¬ 
dents  pressed  the  knife  through  the  sheath 
what  caused  partly  severe  injuries  at  the 
pilot's  lower  leg  or  foot.  On  the  basis  of 
this  findings,  the  material  of  the  sheath 
was  reinforced  and  the  pilots  were  advised 
to  wear  their  knife  in  a  different  way. 

Since  that  time  such  type  of  injuries  had 
not  been  observed  any  more. 

Complying  with  the  legal  provisions  the 
department  is  recognized  as  an  expert 
agency  by  civil  authorities  such  as  the 
public  prosecutor  and  therefore  has  the 
same  legal  status  as  the  institutes  for 
"orensic  medicine. 

On  order  of  the  General  of  Flying  Safety 
the  department  takes  up  the  investigation 
of  all  military  flight  operation  distur¬ 
bances  provided  that  persons  were  injured 
or  killed  or  medical  aspects  of  flying 
safety  were  concerned. 

Thanks  to  the  central  function  of  the 
department  an  organization  could  be  built 
up  in  the  course  of  time  with  sufficient 
staff  and  equipment  to  support  also  the 
Federal  Aviation  Office  in  Braunschweig  in 
case  of  civil  aircraft  accidents.  More¬ 
over,  members  of  the  department  also 
support  the  victim  identification  section 
of  the  Federal  Office  for  Criminal  Inve¬ 
stigation  in  case  of  disaster.  To  mention 
in  this  context  is  the  participation  in 
the  identification  of  155  victims  killed 
in  an  aircraft  crash  on  Teneriffa.  Only 

recently  the  department  received  a  mobile  i 

X-ray  equipment  for  this  purpose.  In  the 
scope  of  the  required  identification 
measures,  skeleton  and  teeth  of  the  vic¬ 
tims  are  X-rayed;  the  plates  are  then 
digitized  in  order  to  display  them  on 
screen  and  save  them  on  disks  for  later 
comparing  examinations. 

Apart  from  numerous  employments  in  the 
area  of  the  Federal  Republik  of  Germany, 
the  department  had  also  investigated  air-  I 

craft  accidents  in  various  NATO  countries. 

The  largest  military  operation  in  a 
foreign  country  took  place  in  1975  after 
the  Transall  crash  on  the  island  of  Crete 
in  which  42  soldiers  were  killed.  All  of 
them  could  be  identified. 

Since  its  foundation,  the  department  has 
been  employed  in  260  accidents  claiming  a 
total  of  652  casualties.  Until  the  early 


70ies,  the  majority  of  aircraft  accidents 
involved  jet  aircraft,  in  particular  star- 
fighters;  another  climax  was  reached  in 
the  late  70ie3  and  the  early  80ies. 
Helicopter  crashes  ranged  from  0  to  5  per 
year.  Since  1971  there  were  never  more, 
than  two  accidents  to  notify. 

With  Propeller  Aircraft  happened  also  0  to 
5  accidents  per  year,  the  majority  of  them 
with  Piaggio  and  light  propeller  aircraft. 
From  1978  till  1989  there  was  no  accident 
with  a  propeller  aircraft. 

In  the  last  years  the  cooperation  with  the 
Federal  Aviation  Office  in  the  investiga¬ 
tion  of  civil  accidents  was  intensified, 
certainly  also  due  to  the  decrease  in 
military  accidents.  The  investigation  team 
worked  in  1990  and  1991  on  26  accidents 
with  a  total  of  50  victims.  In  only  six 
accidents  military  aircraft  were  involved. 

The  basis  for  the  development  of  expert 
opinions  is  provided  by  the  scientific 
methods  of  the  forensic  medicine  and 
associated  disciplines  such  as  trauma¬ 
tology,  traffic  medicine,  toxicology, 
serology  and  trace  analysis. 

Organisation  and  Structure  of  the 
Department 

The  department,  headed  by  a  specialist  in 
forensic  medicine,  is  organized  in  various 
divisions . 

Professional  investigations  of  aircraft 
accidents  are  ensured  by  a  mobile  inve¬ 
stigation  team  on  permanent  stand-by. 

Today  it  is  usually  comprised  of  two 
medical  practitioners,  one  of  them  a 
specialist  in  forensic  medicine,  a  photo¬ 
grapher  and  two  autopsy  assistants. 
Immediately  after  being  notified  of  a 
deadly  accident,  the  team  moves  as  fast  as 
possible  by  aircraft,  helicopter  or  car  to 
the  scene  of  the  accident.  At  the  site, 
the  aeromedical  examinations  are  conducted 
in  close  cooperation  with  the  responsible 
flying  safety  officers,  the  flight  surg¬ 
eon,  the  public  prosecutor,  the  police  and 
representatives  of  the  Federal  Aviation 
Office. 

Special  attention  is  given  to  the  crash 
point  and  fragments  of  the  aircraft  as 
well  as  to  the  position  and  posture  of  the 
corpses  which  alone  frequently  reveal  de¬ 
tails  of  the  accident  event.  First  iden¬ 
tification  measures  are  taken. 

On  request  of  the  public  prosecutor  the 
post-mortem  examination  is  done  with  the 
primary  objectives  of: 

-  final  identification 

-  establishing  the  cause  of  death 

-  documentation  of  injuries  on  the  body 
surface,  skeleton  and  inner  organs. 

Accident-specific  injuries  such  as  seat 
belt  marks  and  stick  injuries  are  of 
special  interest.  The  palms  including  the 
joints  and  the  soles  of  the  feet  are 
prepared.  Extensive  biological  material 
needed  for  later  histological,  serological 
and  toxicological  processing  and  for  the 
evaluation  of  traces  is  preserved.  All 
findings  of  recovery  and  autopsy  art 
documented  by  tape  recorder.  Totals  and 
close-ups  are  shot  of  site  and  autopsy. 


Hiatology 

The  specialist  division  for  histology, 
histochemistry  and  trace  analysis  features 
all  major  routine  methods.  In  1979,  the 
spectrum  of  histological  examination 
methods  was  enlarged  by  the  procurement  of 
an  electron  microscope  which  provided  the 
possibility  to  document  histomorphological 
tissue  changes  to  a  high  degree  of 
differentiation.  The  electron  microscope 
is  also  used  for  purpose-oriented 
research. 

In  previous  years  some  2500  microscopic 
sections  were  cut  and  evaluated,  where  as 
in  the  last  few  years  the  annual  number  of 
histological  cover-glass  preparations  went 
up  to  about  5000. 

After  deadly  aircraft  accidents  tissue 
samples  are  taken  from  all  found  organs 
for  histological  analysis  and  assessment 
also  in  order  to  diagnose  possible  previ¬ 
ous  diseases  which  may  have  affected  the 
pilot's  frtness  to  fly. 

For  example,  it  has  been  found  out  that  a 
pilot  had  suffered  from  a  syringomyelia,  a 
fact  that  was  not  known  by  then.  Moreover, 
the  histological  analysis  may  answer 
questions  about  the  vitality  in  case  of 
injuries  caused  by  external  violence. 

The  classical  methods  of  serology  which 
are  primarily  applied  to  identify  corpses 
and  to  detect  blood  stains  next  year  will 
be  supplemented  by  the  DNA  analysis. 
Methods  like  Ouchterlony ' s  only  allow  to 
differentiate  between  human  and  animal 
tissue.  The  absorption-elution  method  is 
used  to  determine  whether  blood  traces 
belong  to  type  A,  B  or  AB.  Last  year  the 
department  investigated  a  Tornado  accident 
in  the  Netherlands,  causing  two  victims. 
Since  the  aircraft  crashed  into  the  North 
Sea  only  very  little  organic  material 
without  any  characteri-:tics  usable  for 
classical  identification  methods  was 
found.  In  such  a  case,  a  doubtless  iden¬ 
tification  is  only  possible  with  the  aid 
of  the  lately  developed  DNA  fingerprinting 
method  which  allows  the  determination  even 
of  very  small  parts  of  the  corps.  The  DNA 
is  removed  from  the  existing  tissue  and 
treated  with  restriction  enzymes.  The  gen- 
determined  distribution  of  the  outcoming 
length  of  the  fragments  can  then  be  detec¬ 
ted  with  so-called  DNA  probes.  Following 
this  analysis  the  DNA  fragments  can  be 
compared,  and  checked  for  correspondence, 
with  the  blood  of  the  victim’s  next  of 
kin. 

The  specialist  division  for  identifica¬ 
tion,  piepc-ation  and  aircraft  accident 
reconstruction  makes,  as  directed  by  a 
surgeon,  specific  preparations  end  submits 
them  to  a  possible  further  medical  exami¬ 
nation  such  as  recovered  teeth  or  parts  of 
upper  and  lower  jaw  which  are  excellently 
suitable  for  identification. 

This  specialist  division  keeps  a  traumato¬ 
logy  documentation  and  evaluation  which  is 
intended  to  explain  the  mechanisms  leading 
to  typical  injury  patterns  directly  resul¬ 
ting  from  the  course  of  events  during  an 
accident . 
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Toxicology 

Aerotoxicology  has  gained  in  importance  in 
the  investigation  of  aircraft  accidents. 
This  specialist  division  conducts  analyses 
after  aircraft  accidents  and  incidents  and 
delivers  toxicological  expert  opinions  on 
leguest  of  flight  surgeons,  Bundeswehr 
hospitals  and  other  Bundeswehr  agencies. 
The  main  tasks  of  this  division  are  the 
development  and  employment  of  special 
aerotoxicological  examination  methods  to 
detect  exposures  to  smolder  gas,  com¬ 
bustion  gas,  fuel,  hydraulic  liquid,  de¬ 
frosting  agents  and  other  toxicological 
risk  factors  which  may  result  in  a  tempo¬ 
rary  or  permanent  impairment  of  the  fit¬ 
ness  to  fly  or  which  may  give  indications 
of  the  cause  of  an  accident, 
it  was  possible  to  lower  very  much  the 
concentration  limits  to  detect  volatile 
substances.  After  only  one  or  two  respi¬ 
rations  of  contaminated  air  it  can 
distinguish  in  blood  samples  between 
hydraulic  liquid,  cable  burning  or  other 
toxic  gases. 

\on-neg I  eg i b le  risk  factors  are  now  as 
before  the  pilots'  consumption  of  alco¬ 
holic  beverages  and  the  uncontrolled 
taking  of  medicaments.  Latent  induced  or 
endogenic  metabolic  disturbances  and  the 
resulting  slips  represent  other  risks  for 
flying  operations  and  safety. 

Various  body  fluids  like  blood,  urine  and 
compressed  lung  and  muscle  fluid  are  sepa¬ 
rately  processed  and  analyzed  using  dif¬ 
ferent  problem-oriented  methods. 

Blood  alcohol  levels  are  measured  with 
enzymic  and  gas  chromatographic  methods. 
The  recent  new  legal  provisions  concerning 
the  blood  alcohol  analysis  claim  for  a 
higher  standard  of  quality  control.  This 
means  the  participation  in  ring  experi¬ 
ments  which  IS  required  for  the  legally 
accepted  routine  examination  of  blood 
alcohol  concentrations. 

Carbon  monoxide  contents  are  presently 
determined  using  ultra-violet  photometric 
methods,  while  hydrocarbons  are  analyzed 
with  the  aid  of  gas  chromatography.  Drugs, 
narcotics  and  other  medicaments  are  ana¬ 
lyzed  using  thin  layer  chromatography, 
high-pressure  liquid  chromatography  and 
gas  chromatography  in  combination  with 
mass  spectrometry  or  a  mass  sensitive 
detector . 

The  mass  spec t romet r ic  methods  permit  the 
detection  of  substances  even  in  the  magni¬ 
tude  of  as  low  as  picogramms  per  milli- 
1  iter . 

The  number  of  toxicological  examinations 
went  up  in  the  last  few  years,  among 
others,  due  to  drug  screenings. 

Because  of  the  growi,  ecological  aware¬ 
ness.  number  and  versatility  of  examina¬ 
tions  in  the  field  of  occupational  medi¬ 
cine  have  also  increased. 


In  1991  in  total  490  toxicological 
analyses  were  conducted. 

So  the  biological  material  of  27  casual¬ 
ties  of  fatal  aircraft  accidents  was  exa¬ 
mined  with  81  routine  examinations  like 
blood  alcohol,  carbon  monoxide  and  pharma¬ 
ceutics  and  with  135  subsequent  analyses. 
91  examinations  were  required  in  non-fatal 
aircraft  accidents  and  incidents. 

In  the  last  year,  the  other  toxicological 
examinations  included  124  scientific  tests 
and,  for  the  first  time,  51  drug  scree¬ 
nings  . 

Final  Notes 

The  combination  of  military  and  legal 
requirements  demands  absolutely  exact 
analysis  results  for  the  different  sub¬ 
stances  which  are  irrefutable  before  the 
court.  Analysis  methods  are  therefore 
permanently  being  developed  and  improved. 
The  existing  gas  chromatography  with  mass 
spectrometry  and  the  high  pressure  liquid 
chromatography  equipment  will  soon  be 
completed  by  specific  detectors  like  Ion 
Trap  to  achieve  still  more  precise  ana¬ 
lysis  results.  The  atom  absorption  spec¬ 
trometry  will  allow  the  detection  in 
particular  of  metals  and  heavy  metals. 

Besides  the  specialist  divisions,  the 
department  has  a  comprehensive  record 
office  storing  -  partly  with  the  aid  of  a 
computer  -  all  collected  and  evaluated 
data  of  accidents  and  incidents.  Moreover, 
exists  an  extensive  exhibition  with  organ 
preparations,  dry  exhibits,  diagrams  and 
picture  boards,  trajectory  and  aircraft 
mode 1 s . 

In  autumn  of  this  year,  the  department 
will  move  into  a  new  building  and  there  be 
linked  to  a  network  to  get  access  to  the 
institute’s  computer  information  system. 

It  will  then  be  possible  to  evaluate  data 
of  aircraft  accidents,  toxicological 
measurements  and  traumatological  and 
histological  examinations  with  still  a 
higher  exactness. 
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Summary 

The  Division  of  Aerospace  Pathology  and 
Toxicology  ( "Flugunfal Imedizin” )  at  the 
German  Air  Force  Aerospace  Medical  Insti¬ 
tute  was  founded  in  1964  by  Col. Prof. 
Krelft  and  is  since  then  located  at 
Fiirstenfeldbruck  AFB  near  Munich.  The 
Division  is  engaged  in  the  medical  and 
medico-legal  part  of  all  fatal  accident  -, 
most  non  fatal  accident  -  and  incident 
investigations  concerning  German  military 
aircraft  (Airforce,  Navy  and  Army).  The 
Division  performs  also  some  civilian 
medical  accident  investigations  for  the 
Federal  Aviation  Administration  ("FUS, 
Flugunfal 1  Dntersuchungsstel le  beim 
Luftfahrt  Bundesamt" ) . 

The  autopsy  files  of  the  period  I  January 
1965  up  to  31  December  1990  were  reviewed. 
In  231  civilian  and  military  crashes  a 
total  of  455  autopsies  was  performed, 
resulting  in  385  valid  autopsy  reports  of 
killed  pilots  including  a  histopatholo- 
gical  examination. 

Histopatho log ica 1  findings  were  coded  and 
stored  in  a  data  base  of  an  IBM  compatible 
computer.  In  those  cases  with  positive 
h istopathologica 1  findings  in  the  files 
the  tissue  was  reexamined. 

36  cases  showed  severe  histopathological 
alterations.  21  of  these  might  be  consi¬ 
dered  to  have  reduced  phys  cal  and  /  or 
mental  performance  and  thus  have  affected 
the  capability  of  flight  safety. 

A  selection  of  ten  cases  is  used  to  dis¬ 
cuss  problems  of  accident  causality  in 
case  of  positive  histopathological  fin¬ 
dings.  The  value  and  validity  of  findings 
especially  in  those  cases  of  a  high  degree 
of  oissue  destruction  rs  demonstrated. 

In  aircraft  accident  investigations 
autopsy  and  histopathological  examination 
must  -  on  the  basis  of  nearly  5%  positive 
histopathological  findings  -  be  regarded 
as  mandantory. 


Introduction 

The  casualties  of  military  and  civil 
aircraft  accidents  are  usually  subject  to 
a  post-mortem  examination  on  order  of  the 
public  prosecutor.  This  investigating 
authority  is  primarily  interested  in  the 
cause  of  death  and  in  the  answer  to  the 
question  whether  or  not  there  was  a  cau- 
aality  between  a  false  act  of  a  third 
party  and  the  death  of  the  persons  con¬ 
cerned.  Minor  importance  for  the  public 
prosector  have  the  questions  about  the 
sequence  of  events  or  the  cause  leading  to 
the  accident  to  establish  accident  preven¬ 


tion  measures  as  a  consequence  of  the 
assessment  of  all  circumstances. 

In  case  of  accidents  of  military  aircraft 
the  competent  investigation  committee  of 
the  Director  of  Flying  Safety,  Federal 
Armed  Forces,  is  interested  in  the  exami¬ 
nation  of  the  accident's  cause  and  deduc¬ 
table  measures  to  prevent  similar  acci¬ 
dents;  the  flight  accident  investigation 
agency  of  the  Federal  Aviation  Office  does 
the  same  in  case  of  civil  aviation  acci¬ 
dents  . 

The  public  prosecutor's  securing  of  evi¬ 
dence  requires  in  addition  to  an  autopsy 
also  histological,  toxicological  and  other 
examinations;  the  reason  behind  is  that 
any  incompletenes'  of  medical  findings 
would  be  exploited  by  the  counsels  of  the 
defense  to  put  forward  irrefutable  asser¬ 
tions  which  would  overstress  in  trial  the 
legal  principle  of  "in  dubio  pro  reo"  (in 
a  doubtful  case,  it  shall  be  decided  in 
favor  of  the  accused).  Still  more  detailed 
examinations,  especially  those  under  the 
microscope,  are  particularly  useful  to 
establish  statements  on  possible  previous 
diseases  and  their  influence  oi.  the  se¬ 
quence  of  events  leading  to  the  accident 
under  the  aspect  of  the  human  factor  as 
cause  of  an  accident.  Moreover,  micro¬ 
scopic  examinations  allow  to  separate 
vital  from  post-mortal  findings,  to  esta¬ 
blish  chronological  relations  in  the 
course  of  the  accident  and  the  origin  of 
different  findings  and,  if  required,  to 
recommend  necessary  modifications  in  the 
design  of  flight  equipment  or  the  aircraft 
itself. 

In  general,  the  complex  investigation  of 
an  accident  requires  statements  about 
microscopic  changes  of  the  tissue  of  inner 
organs  in  supplement  to  post-mortem  fin¬ 
dings. 

The  following  cases  will  demonstrate  how 
organic  changes  only  detectable  by  histo- 
morphological  methods  permitted  conclu¬ 
sions  as  to  the  aircraft  accident  events 
and  had  to  be  accepted  as  links  in  the 
chain  of  causality. 

Material  and  methodology 

In  the  scope  of  aircraft  accident  investi¬ 
gations  of  the  last  25  years,  the  court- 
ordered  post-mortem  examinations  of  mili¬ 
tary  and  civil  pilots  revealed  pathologi¬ 
cal  organ  samples  indicating  diseases 
which  could  have  impaired  the  fitness  to 
fly  at  the  time  of  the  accident.  230 
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evaluated  aircraft  accidents  between  1964 
and  1990,  10  percent  of  them  involving 
civil  aircraft,  required  455  autopsies  for 
analysis,  385  of  which  were  post-mortem 
examinations  of  the  responsible  pilots. 

The  files  contained  36  cases  (about  10 
percent,  one  fourth  of  which  were  civil 
pilots)  with  manifest  histopatholog ical 
findings.  21  cases  showed  changes  which 
would  have  principally  been  suitable  to 
explain  a  degradation  of  the  fitness  to 
fly  at  the  time  of  the  accident,  among 
them  two  verrucous,  non-bacter ial  endo- 
carditides,  two  cases  with  constrictive 
juvenile  coronary  arteriosclerosis,  one 
chronic  gastro-enteritis,  one  disseminated 
vasculitis,  one  miliary  epithelial  cell 
granulomatosis,  one  myocarditis  and  one 
mycosis  of  the  lung. 

Case  1: 


In  1970,  a  26-year-old  pilot  crashed  with 
his  F-104  on  the  Bergen-Hohne  major  trai¬ 
ning  area.  The  pilot  had  an  experience  of 
674  flying  hours,  286  of  them  on  the  air¬ 
craft  type  involved  in  the  accident. 

No  previous  fitness  to  fly  -esta  had 
revealed  any  peculiarities,  booking  back, 
his  superiors  had  only  noticed  that  the 
pilot's  shooting  results  had  become  worse 
from  year  to  year. 

The  histological  examination  of  the  spinal 
cord  revealed  a  syringomyelia. 

In  this  case  two  cavitations  were  observed 
at  the  right  and  left  side  of  the  central 
canal  in  the  cervica  lart  of  the  medulla 
including  a  displacement  of  the  rear  and/ 
or  front  chamber.  These  cavitations  cove¬ 
red  the  entire  cervical  part  towards  the 
upper  sections  of  the  thoracic  cord  and 
the  vent r Lcornua .  Such  changes  may  cause 
d  1  sHoir  la  ted  paralgiae  with  a  diminution  of 
pain  and  temperature  sensitivity;  they  may 
also  cause  secondary  muscular  atrophies  - 
located  in  the  lower  cervical  part  ini¬ 
tially  at  the  small  muscles  of  the  hand. 

Owing  to  the  slow  development  of  such 
symptoms  the  pilot  and  the  people  around 
him  may  not  have  noticed  the  associated 
disturbed  nervous  functions. 

Case 

In  1970,  an  F-4E  t:omes  into  an  instable 
pitch  position  a  cer  a  pullout  maneuver 
ending  up  in  a  too  steep  climbing  angle. 
The  two  crew  members  were  ejected  at  an 
lit  ilude  of  2000  ft.  whereby  the  respon¬ 
sible  38-year-old  pilot  v as  deadly  in¬ 
jured.  The  pilot  had  an  experience  of  3526 
flying  hours,  722  of  them  on  the  aircraft 
type  involved  in  the  accident. 

Alr»»ady  twelve  years  before  this  fatal 
aciridcnt  an  unspecific  border  ^  ine  alte¬ 
ration  in  the  EEG  of  the  pilot  was  mea¬ 
sured  in  a  fitness  to  fly  test  which  indi¬ 
cated  a  lac'k  of  ceretira!  vasostabi  I  ity 
with  symptoms  of  a  significant  autonomic 
instability;  these  findings  wer_  more  or 
less  distinctly  confirmed  in  other  EEG 
measurenents  in  the  following  eleven 
years.  Nine  months  prior  to  the  accident, 
an  unsteadiness  in  une-leg-standing  and 
tightrope  walking  was  stated  in  a  fitness 
test  for  military  flying  duties.  As  a 


result  of  these  findings  the  pilot  was 
allowed  -  one  year  before  the  accident  - 
to  fly  only  with  a  co-pilot  and  only  on 
aircraf t/helicopte,.-s  with  dual  flight 
control  and  a  co-pilot  with  cype  rating. 
After  a  post-examination  six  months  before 
the  accident,  the  restriction  "flying  with 
co-pilot  only"  was  removed. 

The  histological  examinations  revealed  a 
moderately  developed  coronary  arterio¬ 
sclerosis  in  the  ..lyocardial  tissue  which 
had  already  produced  a  perivascular  tylo¬ 
sis  at  several  spo'^s. 

Indicators  for  a  brown  atrophy  of  the 
myocardial  fibres  were  also  detected.  In 
addition,  circumscribed  angi omat' -ses  in 
the  brain  were  found  both  in  the  subepen¬ 
dymal  area  of  the  occipital  cornu  of  the 
left  ventricle  and  in  the  plexus  choroi- 
deus.  The  walls  of  the  dilated  vessels 
seemed  largely  hyalinized  and  partly 
showed  stripy,  loose  round  ceil  infil¬ 
trates.  Amyloid  and  hemosiderin  test 
negative!  The  neuropile  of  the  left 
■  iccipital  cornu  in  the  area  of  these 
vascular  changes  dxd  not  show  any 
detectable  morphological  damage. 

In  other  regions  of  the  brain,  however, 
diffused  and  orouped  nerve  cell  deficiency 
symptoms  were  observed  in  all  cortical 
layers  and  in  brain  stem  nuclei.  An  in- 
c'‘eased  pigment  atrophy  of  the  nucleus 
dentatus  and  a  partial  disturbed  function 
of  the  Purkinje  cells  were  significant  in 
the  cerebellum.  The  histological  findings 
in  the  brain  gained  by  microscopic  exami¬ 
nations  may  be  the  morphological  correlate 
for  the  observed  BEG  changes,  for  the 
unsteadiness  in  one-leg-standing  and 
tightrope  walking,  caused  by  recurred 
states  of  hypoxia  or  by  circulatory 
disturbances . 

Case  3: 

A'^ter  touching  the  ground  and  again  short¬ 
ly  bumping  off,  an  F-104G  crashed  on  the 
firing  range  of  Helchteren  in  Belgium.  The 
36-year-old  pilot  was  hurled  out  of  the 
aircraft  and  killed. 

The  pilot  had  an  experience  of  3543  flying 
hours,  1942  of  them  on  the  type  involved 
in  the  accident.  No  peculiarites  had  been 
observed  in  the  fitness  to  fly  tests  of 
the  years  prior  to  the  accident.  In  pre¬ 
vious  years  increased  blood  pressure 
values  had  been  measured  (maximum  170  itwi 
Mercury)  which,  however,  went  back  to 
normal  again.  Nine  years  before  the  acci¬ 
dent  the  ECG  showed  Bpur:ou8  repolariza¬ 
tion  disturbances  aftei  work  which,  how¬ 
ever,  did  not  depart  from  the  norm. 

The  post-mortem  examination  revealed,  in 
correspondence  with  the  macroscopic  fin¬ 
dings,  a  significant  general  arterioscle¬ 
rosis  of  the  body's  main  artery  as  well  as 
an  arteriosclerotic  constriction  of  the 
coronary  vessels  of  up  to  75  percent  of 
the  lumen.  Accordingly,  there  were  a 
disseminated  tylosis  and  a  circumscribed 
interstitial  fibrosis  also  in  the  myocar¬ 
dial  tissue. 

Under  extreme  physical  strains,  such  scle¬ 
rotic  coronary  vessels  may  cause  -  owing 
to  the  sudden  relative  coronarism  -  an 
acule  insufficient,  blood  supply  of  the 
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heart,  reducing  ite  pumping  performance 
and,  consequently,  causing  an  insufficient 
oxygen  supply  of  the  brain.  These  facts 
may  give  an  explanation  for  delayed  reac¬ 
tions  and  mental  coordination  listurban- 
ces  • 

Case  4: 

In  1969,  a  36 -year-old  pilot  lost  control 
over  his  C-47  when  he  tried  to  land  on  the 
runway  in  Husum.  The  aircraft  went  up 
again  from  the  runway  and  crashed  after¬ 
wards  almost  vertically  with  the  cockpit 
into  the  ground.  Three  of  the  passengers 
were  immediately  killed,  the  fourth  died 
one  day  later. 

The  responsible  pilot  had  an  experience  of 
3073  flying  hours,  839  of  them  on  the  type 
involved  in  the  accident.  No  peculiarites 
had  been  observed  in  the  previous  fitness 
to  fly  test.  Four  months  prior  to  the 
accident,  the  pilot  had  stayed  in  a  health 
resort  because  of  a  circulatory  lability 
and  hypertension.  The  post-mortem  exami¬ 
nation  showed  pericardial  adhesions  to  the 
cardiac  wall  which  could  be  confirmed  to 
be  chronic-inf lammato . y  changes  of  the 
serous  membranes  of  the  heart  without 
fresh  cell  reactions.  In  addition,  there 
were  maculated  old  cicatrices  in  the  myo¬ 
cardial  tissue  while  the  coronary  showed 
no  peculiarities. 

A  i;hronic  bronchitis  and  a  structure  fi¬ 
brosis  were  apparent  in  the  lung  tissue. 
These  lung  changes  -  visible  only  under 
the  microscope  -  had  caused  a  right  ven¬ 
tricular  hypertrophy  (0.6  cm  ventricular 
wall  thickness  at  the  pulmonary  outlet) 
which  had  already  been  stated  to  be 
pathological  in  the  macroscopic  post¬ 
mortem  examination.  In  addition,  irritable 
vessel  reactions  in  heart,  liver  and 
spleen  corroborated  the  existence  of  an 
acute  infect  prior  to  death. 

The  organic  changes  detectable  in  both 
macroscopic  and  microscopic  examinations 
indicate  a  degradation  of  the  pilot's 
stress  resistance  at  the  time  of  the 
acc ident . 

Case  5: 

In  1990,  a  60-year-old  pilot  crashed  with 
his  Cessna  172  unto  a  meadow  near  the  town 
of  Schuellkrippen.  The  tests  which  the 
pilot  had  undergone  36  and  12  months  be¬ 
fore  the  accident  had  not  shown  any  pecu¬ 
liarities  impairing  his  fitness  to  fly. 
Both  examinations  were  pe  "''irmed  -iitlioat 
X-raying  the  thorax,  and  ..iie  last  ECG  had 
been  made  three  years  ago. 

The  post-mortem  examination  revealed  in 
particular  an  increased  weight  of  the 
right  lung  with  a  hardening  of  the  tissue, 
watch-glass  fingernails  and  toenails  and  a 
distinct,  partly  almost  occluding  sclero¬ 
sis  of  the  coronary  vessels  . 

The  additional  histological  examinations 
of  the  lung  tissue  showed  an  advanced 
interstitial  pulmonary  fibrosis  with 
sev  ral  honeycomb- 1  ike  changes  of  the 
pulmonary  structure.  Other  regions  of  the 
lung  tissue  showed  'ijntinfTt  changes  of  the 
pulmonary  arterial  walls  with  subtotal 
arterial  occlusions  and  circumscribed 
round  cell  infiltrates.  The  morphological 


picture  of  these  changes  corresponds  to  a 
so-called  idiopathic  pulmonary  fibrosis; 
h'vJever,  a  line  of  causality  between  these 
findings  and  a  certain  accident-triggering 
cause  cannot  be  established. 

Clinic  experience  knows  that  such  distinct 
changes  of  the  lung  slowly  progress  over  a 
period  of  several  years.  This  is  proven  in 
the  discussed  case  by  the  fact  tha*-  there 
were  watch-glass  nails  at  fingers  and 
toes,  a  morphological  phenomenon  which 
indicates  the  existence  of  a  chronic  pul¬ 
monary  hypoxia.. 

Moreover,  the  additional  histological  exa¬ 
minations  of  the  myocardial  tissue  showed 
a  distinct,  in  part  almost  occluding  scle¬ 
rosis  of  the  coronary  arteries  and  a  con¬ 
nective  tissue  proliferation  in  the  myo¬ 
cardial  tissue.  The  latter  result  indi¬ 
cates  an  already  long-lasting  hypoxic 
damage  of  the  myocardial  fibres  caused  by 
the  extreme  coronary  sclerosis  and  pos¬ 
sibly  aggravated  by  the  pulmonary  hypoxia. 

Under  aeromedical  aspects,  such  distinct 
changes  of  the  lung  in  connection  with  a 
disturbed  pulmonary  function  may  have  at 
least  contributed,  among  other  factors,  to 
the  accident. 

Case  6; 

A  34-year-old  pilot  crashed  with  his  F- 
104G  during  a  night  landing  approach  into 
a  wood  near  Neuburg  on  Danube  after 
touching  several  trees.  He  did  not  attempt 
to  eject  himself  out  of  the  aircraft.  The 
pilot  had  an  experience  of  2066  flying 
hours,  1018  of  them  on  the  type  involved 
in  the  accident. 

Details  of  the  pilot’s  medical  history 
indicated  that  he  had  suffered  from  an 
acute  pulmonary  mycosis  in  the  D.S.A.  ten 
years  before  the  fatal  accident.  In  the 
succeeding  years  there  were  repeated 
inflammations  of  the  nasal  mucous  mem¬ 
brane.  The  histological  examinations  fol¬ 
lowing  the  autopsy  revealed  accumulations 
of  epithelial  cells,  lymphocytes,  granulo¬ 
cytes  and  polyblasts  in  scarred  connec¬ 
tive  tissue  areas.  The  changes  correspond 
to  residual  granulomae  of  the  previous 
mycosis;  a  typical  double -out lined  sporont 
with  visible  perivascular  endospores  could 
be  detected  in  fibrous  tissue.  Moreover, 
hyaline  pleural  swellings  were  found  in 
some  areas. 

For  obvious  reasons,  a  performance  degra¬ 
dation  or  a  diminished  fitness  to  fly  may 
have  resulted  from  constantly  recurring 
allergic  or  vegetative  symptoms  or  by  a 
reactivation  of  the  mycosis  due  to  a  redu¬ 
ced  power  of  resistance. 

Case  7 ; 

During  a  low-level  run-in  flight,  a  30- 
year-old  pilot  crashed  with  his  F-104G 
behind  a  wooded  spot  onto  the  Heuberg 
major  training  area.  The  pilot  had  an 
experience  of  1172  flying  hours,  B81  of 
them  on  the  type  involved  in  the  accident. 
Two  years  prior  to  the  fatal  accident,  the 
pilot  fel  ill  out  of  perfect  health  with 
an  epithelial  cell  granulomatosis  (Sarcoid 
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of  Boeck)  affecting  lung  and  joints.  After 
he  was  treated  with  success,  the  pilot  was 
rated  lb  in  the  subsequent  fitness  tests 
for  military  flying  duties  without  any 
restrictions  imposed. 

The  histological  post-mortem  examinations 
revealed  granulomae  of  a  discretely 
distinct  Boeck-sarcoid  -  being  still 
florid  -  in  both  lungs  and  the  associated 
lymphatic  nodes,  but  the  granulomae  had  a 
maximum  diameter  of  1  mm  and  did  therefore 
not  appear  on  the  X-ray. 

Though  the  pilot  had  not  mentioned  a  de¬ 
gradation  of  his  performance  in  the  past 
fitness  to  fly  tests,  such  a  degradation 
and  a  reduction  of  his  speed  of  reaction, 
(possibly  by  his  feeling  sick)  cannot  be 
doubtlessly  excluded  according  to  the 
pathological-anatomical  findings  eviden¬ 
cing  the  still  discretely  existent  Boeck 
sarcoid. 

Case  6 : 

On  a  VFR  flight  in  1990,  a  C-160 
(TRANSAIiL)  touched  some  trees  on  an 
ascending  wooded  area  and  shortly  after¬ 
wards  -  in  a  strong  lateral  attitude  - 
crashed  into  a  timber  forest  near  Lohr 
upon  the  Main  river.  All  ten  passengers 
were  killed.  Neither  the  previous  fitness 
to  fly  tests  nor  the  post-mortem  exami¬ 
nations  of  the  responsible  pilots  revealed 
rndications  of  a  reduced  ability  to  fly  at 
the  time  of  the  accident. 

The  additional  histological  examinations 
under  the  microscope,  however,  obviously 
showed  changes  of  the  hepatic  tissue  of  a 
29-year-old  crew  member  who  had  the  func- 
l ion  of  a  cargo  officer.  The  periportal 
fields  appeared  enlarged  -  with  regular 
liver  parenchyoia  architecture  -  by  infil¬ 
trates  of  different  cell  di.nsrty  (eosino¬ 
philic,  granulocytes,  lymphocytes)  as  well 
as  by  cystic  duct . prol iferat ion .  The 
distinct  centrolobular  moderately  fatty 
hepatic  cells  indicate  a  disaggregated 
cytoplasm  with  a  fine-granular  or  hydro- 
pically  swollen  aspect;  the  cytoplasm 
additionally  shows  dustlike  lipofuscin 
depositions.  Destructions  of  centrolobular 
hepatocytes  were  also  observed. 

This  type  of  changes  of  the  liver,  descri¬ 
bed  as  toxic  hepatosis,  are  frequently 
caused  by  the  consumption  of  certain  medi¬ 
cine  and  do  not  establish  an  obligatory 
manifest  disease. 

The  special  cheraica I -toxicological  tests 
did  not  produce  any  indications  of  the 
consumption  of  medicaments  inducing  such 
changes . 

Case  9 : 


In  1970,  a  NORATLAS  transpor*  aircraft 
spinned  steep  from  an  altitude  of  2000  ft. 
and  crashed  unto  the  Konigsdorfer  Filx 
area;  the  five  crew  members  were  killed. 
The  i2-year-uld  pilot  had  an  experience  of 
.1707  flying  hours,  3315  of  them  on  the 
type  involved  in  the  accident.  The  co¬ 
pilot  had  been  the  only  survivor  of  an  11- 
men-crew  after  a  severe  aircraft  accident 
21  months  ago.  He  showed  no  peculiarities 


in  the  fitness  to  fly  tests  in  the  time 
after  the  accident. 

The  post-mortem  histological  examinations 
showed  an  inflammatory  reaction  of  the 
liver  in  the  portal  fields  and  in  the  area 
of  the  sinusoides  with  single  cytoclases. 
In  addition  to  the  increased  number  of 
mesenchymal  cells,  inflammatory  cells  such 
as  lymphocytes,  leucocytes  and  plasma 
cells  were  detected. 

Considering  the  symptoms  occurring  in  case 
of  an  acute  and  chronic  hepatitis  such  as 
weariness,  lack  of  appetite,  vegetative 
symptoms  (outbreaks  of  sweat,  general 
weakness,  tendency  to  collapse,  depres¬ 
sions),  an  impairment  of  the  co-pilot's 
fitness  to  fly  seems  indeed  possible. 

Case  10: 

In  1970,  a  33-year-old  pilot  crashed  with 
his  stalled  ELSTER-B  from  low  level  into  a 
garden  within  the  village  of  Steyerberg. 
Both  passengers  were  killed. 

The  pilot  had  an  experience  of  78  flying 
hours,  36  of  them  on  the  type  involved  in 
the  accident.  In  f itness-to-f ly-tests  ten 
years  prior  to  the  accident  a  hyperthy¬ 
roidism  was  diagnosed,  showing  associated 
symptoms  such  as  glossy  eyes,  protrusio 
bulbi,  a  moderate  vegetative  overexcita¬ 
bility,  vegetative  circulatory  lability 
and  a  somewhat  increased  heart  rate  in  the 
ECG  as  well  as  a  slightly  enlarged  thy¬ 
roid.  Because  of  strong  nervous  strains, 
the  pilot  had  been  treated  with  the  tran¬ 
quilizer  Valium-5  four  weeks  prior  to  the 
accident;  he  consumed  the  tranquilizer 
until  two  days  before  tae  accident. 

In  the  histological  post-mortem  examina¬ 
tion,  the  thyroid  showed  a  moderate  base- 
dowian  goiter  with  an  irregular  structure 
of  the  differently  sized,  partly  serrated 
follicles.  We  found  both  Sanderson  pads  in 
some  follicles  and  concentrations  of 
lymphocytes  producing  follicles  at  various 
places  in  the  intersticial  tissue. 

These  microscopic-anatoroica 1  findings 
established  the  morphological  correlate  of 
the  ten-year-old  diagnose  of  the  symptoms 
of  a  hyperthyroidism  with  a  slightly  en¬ 
larged  thyroid.  Because  the  tranquilizer 
had  laat  been  consumed  more  than  24  hours 
before  the  crash,  it  can  be  assumed  that 
this  medicine  had  most  likely  been  excre¬ 
ted  at  the  time  of  the  accident.  The 
symptoms  of  overexcitability  previously 
suppressed  by  the  tranquilizer  should  then 
have  been  noticeable  again. 


Conclusions : 

The  macroscopic  findings  obtained  in  the 
post-mortem  examinations  of  accident 
casualties  mainly  serve  -  apart  from 
establishing  criteria  for  identification  - 
to  record  the  accident  traumatology  and  is 
insufficient  for  the  clarification  of  the 
accident's  cause  or  the  sequence  of  events 
leading  to  the  accident. 

Military  pilots  undergo  extended  examina¬ 
tions  routinely  included  for  example  ul- 
trasonoscopy  in  the  annual  tests  checking 
their  fitness  for  military  flying  duties. 
Civil  pilots  undergo  these  tnsts  every  two 


I 


years,  and  it  is  in  the  discretion  of  the 
examining  flight  surgeon  to  use  additional 
diagnostic  image-producing  methods  with 
each  pilot* 

In  the  past  25  years,  diagnostic  inno¬ 
vations  and  improvements  have  resulted  in 
a  decrease  of  the  severeness  and  acuteness 
of  the  diseases  of  the  military  pilots 
under  examination,  whereby  the  cases  with 
non-detected  diseases  are  mainly  limited 


to  the  period  before  the  early  70ies. 
Post-mortem  examinations  with  extended, 
especially  histological  additional  inve¬ 
stigations  after  aircraft  accidents  are 
ijidispensable  in  order  to  increase  the 
quality  of  aeromedical  tests  and  are  an 
absolute  must  regarding  the  presently 
valid  civil  system  of  non-invasive 
examination  methods  applied  by  flight 
surgeons • 
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SUMMARY 

Military  flying  is  a  dangerous  activity  and 
safety  is  a  major  concern.  Post  accident 
pathology  is  an  essential  tool  of 
determining,  the  cause  of  death  of  the 
pilot,  types  of  injuries,  possible 
physiological  problems  that  contributed  to 
the  accident  and  finally,  possible 
solutions  to  improve  safety.  The  aircrew 
injuries  of  151  Class-A  Accidents,  of  the 
Hellenic  Air  Force,  in  the  last  20  years. 

Accidents  were  divided, according  the  aircraft  type, 
in  three  groups;  Jet  aircraft  Accidents, 

Fixed  Wing  Props  Accidents  and  Helicopter 
Accidents.  In  the  Jet  Aircraft  group,  a 
subdivision  was  made  in  three  more 
subgroups:  Non  ejection  attempted, 
successful  ejection  and  unsuccessful 
ejection.  In  all  groups  the  type  and 
location  of  injuries  was  recorded,  and  the 
results  were  discussed.  An  attemption  was 
made  to  give  possible  solutions.  Injury 
data  bank  of  airfcraft  accidents  can  be 
very  useful  in  improving  accident 
invest igation  techniques  and  safety  and 
more  data  roust  be  recorded. 


INTRODUCTION 

Aircraft  accidents  are  not  new  occurences. 
The  first  reported  aircraft  fatality 
occured  in  1908  when  the  Wright  Brothers 
were  demonstrating  their  Wright  TYPE-A 
"Flyer"  to  the  U.S.ARMY.  A  propeller 
failure  and  a  crash  caused  the  death  of 
First  Lieutenant  Selfridge  who  was  aboard 
as  an  observer.  The  autopsy  determined  the 
cause  of  death  which  was  a  compound 
comminuted  fracture  of  the  skull. From  that 
autopsy  result  the  investigation  board 
suggested  that  pilots  should  wear  helmets 
while  flying  (4)  from  this  obvious  remark, 
to  the  investigation  of  the  two  COMET 
accidents  in  1954,  where  the  few  floating 
remains  of  the  passengers  had  signs  of 
rapid  decompression  and  airframe  structure 
failure  was  suspected  (4),  post  accident 
pathology  proved  to  be  an  essential  tool 
for  accident  investigation  and  safety 
improvements.  A  data  bank  of  aircraft 
injuries  with  international  cooperation 
will  be  of  great  value  to  determine 
aircraft  type  specific  injuries,  and 
possible  solutions. 

MATERIAL  -  METHOD 

The  files  of  151  Major  or  Class-A 


Accidents  of  the  Hellenic  Air  Force  in  the 
last  20  years  were  investigated.  A 
Major  or  Class-A  Accident,  is  one  where 
there  is  total  aircraft  damage  of  aircrew 
life  loss.  Data  were  obtained  from  the 
medical  files  of  the  251  Hellenic  Air 
Force  General  Hospital  and  the  data  bank 
of  the  Flight  Safety  Department.  Aircraft 
accidents  were  subgrouped  according  the 
aircraft  type.  The  biggest  portion  of  the 
accidents  was  Jet  Fighters  with  47%, 
following  Jet-Trainers  with  15,2%,  Jet- 
Bombers  with  8%  and  Jet-Reconnaissance 
with  6%.  There  were  24  Fixed  Wing 
Propeller  Accidents  (15,8%)  and  10  Rotary 
Wing  Accidents  (6,62%)  (Table  1).  Human 
Factor  failure  was  the  main  cause  of 
accidents  in  more  than  60%  of  the  Jet- 
group  and  in  82%  of  the  Fixed  Wing  Props 
and  50%  of  the  Rotary  Wing  Accidents, 
which  is  in  accordance  with  other  authors 
results  (2, 3, 5, 6, 7)  (Table  2).  For  our 
investigation  purposes  the  Aircraft 
Accidents  were  grouped  in  3  major  groups 
according  the  Aircraft  performance  and  the 
egress  system  available:  Jet  Aircraft  group 
with  17  accidents.  Fixed  Wing  Props  with  24 
accidents  and  Rotary  Wings  with  10 
accidents.  The  type  and  location  of 
injuries  was  recorded  in  each  of  these 
groups  and  there  was  an  attempt  to  relate 
specific  type  of  injury  to  a  specific 
cause.  The  toxicologic  examination  was 
negative  in  all  of  the  accidents.  Also, 
there  was  not  any  case  where  a  previous 
disease  of  the  pilot  was  documented  to  be 
related  to  the  cause  of  the  accident. 

RESULTS 

a.  JET  AIRCRAFT  ACCIDENTS 
There  was  a  total  of  117  Class-A,  Jet 
Aircraft  Accidents.  A  total  of  38  pilots, 
did  not  attempted  ejection  and  crashed 
with  the  aircraft.  This  leaves  little  room 
for  injury  pattern  analysis  because  of  the 
extremely  high  impact  forces.  It  is 
interesting  that  in  the  two  seat  models 
accidents,  3  copilots  initiated  ejection 
sequence  little  before  impacting  the 
ground.  This  is  probably  due  to  the  fact 
that  the  backseater  is  more  aware  of  the 
flying  conditions.  Question  arises  as  to 
why  they  delayed  to  eject.  A  part  of  the 
answer  should  be  in  the  highly  dominating 
role  of  the  pilot  in  command  which  leaves 
little  room  for  initiative  to  the  copilot. 

A  total  of  10  pilots  attempted  ejection 


which  was  unsuccessful  and  were  fatally 
injured.  7  of  them  ejected  in  very  low 
altitude  and  were  out  of  seat  performance 
envelope, one  ejected  in  high  speed  {F5  pilot, 
Martin  Baker  seat,  600  knots)  and  was  also 
out  of  seat  envelope,  one  was  killed  due 
to  seat  malfunction  (TZ  pilot,  Rockwell, 

LS-IA  seat)  and  one  was  killed  due  to  an 

ergonomics  failure.  The  last  case 

is  a  good  example  of  how  valuable  can  be 

post  accident  injury  analysis:  After  an 

engine  failure,  an  A-7H  pilot  ejected  over 

sea.  The  pilot  was  found,  15  minutes 

later,  drown  with  his  life  support 

equipment  having  worked  as  specified.  The 

autopsy  has  found  that  during  ejection  the 

pilot  felt  unconscious  after  a  minor  head 

trauma.  The  unconscious  pilot  was  unable 

to  release  the  parachute  harness  and  was 

carried  by  the  wind.  Further  investigation 

showed  that  the  seating  height  of  the 

pilot  was  more  than  39,7  inches.  This  is 

the  limit  of  the  l-G-2  ESCAPAC  seat  to 

perform  safely. The  seat  uses  canopy 

brakers,  to  eject  through  canopy  if  the 

pilot  seating  height  is  more  than  the 

limit  than  the  pilot  head  is  going  to 

contact  first  the  canopy  leaving  the  pilot 

unconscious.  Now  all  A-7H  pilots  are 

checked  for  their  seating  height.  The 

injuries  recorded  in  the  above  group  of 

unsuccessfully  ejected  pilots  are  shown  in 

Figure  1  and  are  the  following:  skull 

fracture  with  extensive  brain  damage  was 

present  in  all  cases.  In  60%  of  the  cases 

the  helmet  was  separated  either  after  ejection  or 

after  the  first  impact  with  the  ground. 

Neck  fractures  and  spinal  cord  injuries 
were  present  in  most  of  the  cases  as  well 
as  massive  internal  organs  injury,  long 
bone  fractures  and  spine  fractures  were 
also  a  common  finding.  All  of  those 
injuries  were  not  survivable  due  to  the 
high  impact  forces.  In  69  of  the  117 
accidents  the  pilots  were  ejected  and  the 
egress  system  worked  successfully.  However 
the  pilots  received  multiple  minor 
injuries  for  various  reasons:  (Fig.  2)  Low 
back  oain  was  a  common  finding  and  was 
reported  in  8,9%  of  the  cases.  Neck  sprain 
was  also  common  in  5,79%  of  the  cases. 

Poor  ejection  position  was  reported  as  the 
main  cause  of  the  pain.  This  is  also  the 
reason  for  the  Til  -  TIZ  -  LI  fractures 
that  were  found  in  5,9%  of  the  cases. 

Minor  head  trauma  is  also  common  in  4,3% 
and  can  be  a  life  threatening  event  in 
ejections  over  sea.  Automatic  parachute 
release  is  of  great  value  in  these  cases. 

Other  injuries  include  femus  fracture  due 
to  violent  landing  and  shoulder  fracture 
and  bruises,  due  to  violent  contact  with 
parachute  harness,  after  parachute  canopy 
opening . 

8. FIXED  WING  PROPELLERS  ACCIDENTS 

Fixed  Wing  Propeller  accidents  are  almost 
all  survivable.  From  a  total  of  24  Class-A 
accidents,  only  one  accident  was  fatal 
causing  lifeless  of  3  of  the  aircrew 
members.  Injury  pattern,  is  shown  in 
Figure  3.  The  most  common  injuries  were, 
left  femur  fractures  in  33,3%  followed  by 
left  arm  fractures  in  29%,  head  injuries  in 
29%,  right  femur  fractures  in  12,5%  and 
right  tibia  fractures  in  8,3%.  Bruises  were 
very  frequently  found  and  were  reported 
mainly  in  the  left  side  of  the  body.  The 
left  side  pattern  of  the  injuries  is 


probably  due  to  the  fact  that  the  left 
side  of  the  pilot  body  is  more  exposed 
than  the  right  which  holds  the  stick.  The 
high  incidence  of  head  trauma  is  because 
of  the  fact  that  most  of  the  aircrew  dont 
wear  helmets  during  tli?  flight  and  the 
inertia  reel  system  of  the  belts  seems  to 
fail  more  often  than  not. 

ROTARY  WING  ACCIDENTS 

Helicopter  accidents  also  have  a  good 
survival  rate  with  only  two  fatal 
accidents  out  of  10.  In  these  two 
accidents  a  total  of  8  passengers  and 
aircrew  was  killed.  Injury  pattern  is 
shown  in  Figure  4.  Skull  fracture  with 
brain  damage  was  the  cause  of  death  in  al 
people  killed  in  the  two  fatal  accidents. 

In  other  survivable  accidents,  skull 
fracture  was  present  in  30%  and  head 
injury  in  another  30%,  and  lumbar  spine 
fracture  was  present  in  20%.  Bruises  were 
also  more  often  found  in  the  left  side  of 
the  body.  The  very  high  incidence  of  head 
trauma  is  due  to  the  fact  that  most 
aircrew  members  decide  to  fly  without 
wearing  helmets  leaving  them  exposed  to 
head  trauma.  It  seems  also  that  there  is 
room  for  additional  protection  systems 
such  as  inflatable  balloons  to  protect 
aircrew  from  contacting  with  the  panel. 
Passenger  safety  should  also  be  under 
consideration  as  there  is  not  helmet 
available  For  them.  (7) 

DISCUSSION 

H.  Wells  in  his  papers  of  1915  and  1916 
advocated  the  use  of  safety  helmets  and 
harnesses  to  avoid  injuries  sustained 
during  turbulence,  aerial  combat  and 
accidents.  (8)  Unfortunately  these  old 
statements  are  proved  one  more  valuable. 

Fixed  Wing  Propeller  and  Helicopter 
passengers  and  aircrew  not  wearing  helmet 
are  vulnerable  to  head  trauma  which 
accounds  for  most  of  the  fatal  injuries. 

In  a  paper,  based  on  data  fran  4500 
occupants  on  U.S.  ARMY  Helicopter 
accidents,  head  injury  accounds  for  almost 
31,5%  of  all  fatal  injuries  and  20%  of  all 
major  injuries. (1)  In  our  paper  head 
injury  accounds  for  the  29,1%  in  Fixed 
Wing  Props  and  in  30%  in  Helicopters  which 
is  in  accordance  with  other  authors  (1,7). 

An  interesting  point  is  the  left  side 
pattern  of  the  body  injuries  which 
probably  needs  attention  and  more  data 
collection.  For  this  reason  a  much  larger 
series  of  accidents  is  needed.  Another 
point  of  interesi  is  the  big  number  of  non 
ejection  attempted  accidents  which  asks 
for  better  understaiiding  and  training 
decision. 

CONCLUSION 

Post  acident  injury  analysis  is  a  csefull 
tool  for  aviation  safety.  Standardization 
and  report  of  injuries  can  be  of  great 
value  to  improve  safety  systems.  The  new 
generation  ejection  seats  are  very  safe 
but  work  must  be  done  to  train  the  pilots 
to  take  a  fast  ejection  decision  when  needed. 
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SUmiARY 

Aircraft  escape  systems  -  the  ejection 
seat  -  have  saved  a  lot  of  lives,  however 
they  often  have  several  secondary 
problems.  First,  the  physical  injuries 
directly  produced  by  the  ejection  itself; 
and  secondly,  the  psychological 
alterations  caused  by  the  fact  of 
suffering  from  an  aircraft  accident.  This 
study  has  been  made  to  get  more  data  on 
ejections  raised  in  some  Spanish  Air  Force 
pilots  in  order  to  correct  the  possible 
mistalces  in  further  ejections.  The  most 
remarkable  results  are;  First,  the 
importance  of  performing  the  ejection 
within  the  safety  limits  of  the  seat,  and 
with  a  very  good  sitting  posture,  to 
minimize  possible  injuries.  Secondly,  the 
necessity  for  both,  ejection  seat 
simulator  and  parachute  training  of  pilots 
since  most  injuries  are  generated  when  the 
pilot  has  a  wrong  sitting  posture  and  when 
he  ' ands  on  the  ground.  And  finally,  the 
quick  incorporation  to  flying  duties  as 
soon  as  the  ejected  pilot  accomplished  his 
total  recovery. 

MATERIAL  AMD  MBTHOPS;  This  Study  has  been 
made  with  technical  data  were  obtained 
from  the  Spanish  Air  Force  Flight  Safety 
Office.  Data  about  injuries  and  hospital 
care  was  obtained  from  hospitals  and 
medical  officers'  reports.  Additional 
information  was  obtained  through  an 
inquiry  sent  to  pilots  who  were  had 
ejected  from  the(r  aircraft  for  last  seven 
years.  The  inquiry,  enclosed  a  lot  of 
questions  arranged  by  blocks  which  are  in 
reference  to  different  accident  aspects. 

About  the  aircraft:  Characteristics  and 
number  of  ejection  seats.  Short 
description  of  structural  or  mechanical 
failure  preceding  the  ejection. 

About  the  pilot:  Age,  weight,  height  and 
number  of  flying  hours.  If  the  aircraft 
had  two  ejection  seats,  did  he  fly  as 
first  or  second  pilot  7  Did  the  pilot 
think  if  he  committed  any  mistake  in 
flight  which  originated  the  accident  ? 

What  mistake  7 

About  the  accident:  Did  the  pilot  have 
control  over  the  aircraft  7  How  long  was 


it  between  human  mistake  or  mechanical 
failure  and  ejection  7  Could  the  pilot  get 
ready  for  the  ejection  7  Situation  at 
initiation  of  the  ejection:  altitude, 
speed,  number  of  Gs  and  attitude  of  the 
aircraft.  Was  appropriate  the  pilot's 
sitting  posture  7  Short  description  about 
the  ground  where  the  pilots  fell  down. 

About  injuries:  Was  the  pilot  wounded 
through  the  ejection  7  What  kind  of 
injuries  he  had  and,  under  his  personal 
viewpoint,  in  which  moment  of  ejection  he 
would  have  been  injured:  Egress,  landing 
or  both.  Duration  of  hospital  care  and 
grounding.  Finally  later  flying  status. 

Pilot's  post-accident  behaviour  :  physical 
or  mental  sequelae,  lost  of  .notivation  for 
flying  duties.  Pilot's  opinion  about 
necessity  of  training  in  ejection  seat 
simulator  and  parachuting  training.  And 
finally,  some  questions  about  ireteo  and 
personal  crewmember's  observations. 

RESULTS 

This  study  includes  20  ejections.  One  of 
the  20  pilots,  successfully  ejected  twice. 
17  pilots  survived  and  3  pilots  were 
killed.  All  ejections  were  premeditated, 
after  structural/mechanical  failure  or 
pilot's  loss  of  control.  Although  some 
ejections  were  in  two  ejection-seat 
aircraft,  it  has  been  considered  as  two 
different  ejections. 

All  pilots  ejected  were  healthy  and 
fulfilled  medical  criteria  for  flying 
duty.  Data  about  age,  weight,  stature  and 
flying  hours  are  showed  in  Table  I. 

preceding  ejections:  We  have 
considered  three  kinds  of  emergencies: 
Technical,  Collisions  and  finally  Loss  of 
Control . 

Regarding  Technical  Failures,  we  have 
split  each  group  considering  the  former 
failure;  as  follows: 

A. -  Fire  or  Explosion. 

B. -  Flight  Control  System  failures  which 
enclose  all  primarily  problems  about 
electrical  or  hydraulic  systems  affecting 
the  ability  to  control  aircraft.  When  the 
electrical  or  hydraulic  failure  was  due  to 
an  engine  failure,  the  case  was 
transferred  to  group  D. 


C. -  structural  failures,  (that  were  due  to 
fatigue  of  materials). 

D. -  Engine  failure,  considering  basically 
engine  flame  out. 

Regarding  Loss  of  Control,  we  have  divided 
it  into  two  subgroups:  loss  of  control  at 
low  speed  and  low  altitude,  and  loss  of 
control  at  high  speed  and  high  altitude. 
All  the  incidents  at  high  speed  and  high 
altitude  occurred  when  the  aircraft  was 
flying  outside  the  envelope  of  its 
aerodynamic  limits.  See  Table  II. 

Review  of  all  cases  through  the  different 
Phases  of  ejection; 

In  20  ejections  studied,  there  were  17 
landings  on  the  ground  and  3  of  them  were 
landings  on  water.  All  ejections  were  over 
unpopulated  areas. 

17  pilots  survived,  but  60  percent  of  them 
wtre  injured.  41  percent  of  the  pilots 
that  survived  accomplished  the  ejections 
with  serious  injuries  (7  out  of  17),  and 
pilots  with  only  trivial  injuries  were  29 
percent  (5  out  of  17),  as  shown  Figure  1. 

1.-  Starting  e-ieetion;  In  Case  number  6, in 
which  the  pilot  was  Rilled,  all  parameters 
about  the  moment  of  ejection  are  unknown. 
Regarding  the  remaining  cases  data  are  as 
follows: 

1.1. -  Control  of  the  aircraft:  At  the 
moment  of  ejection,  only  4  pilots  had 
total  control  of  the  aircraft  and  all 
pilots  were  alive,  in  15  ejections  the 
pilot  had  no  control  of  the  aircraft,  and 
2  pilots  were  killed.  See  Figure  2 

1.2. -  Altitude  of  the  aircraft:  In  the  4 
ejections  in  which  pilots  had  control, 
only  1  took  place  at  very  low  altitude, 
less  than  200  feet.  The  pilot  survived. 
There  were  3  more  ejections  at  low 
altitude, in  which  pilots  lacked  aircraft 
control,  from  these  only  1  pilot  survived. 
The  16  remaining  ejections,  were  at 
altitude  ranging  from  1000  ft  to  ’4.000 
ft.  See  Figure  3. 

1.3. -  Attitude  of  the  aircraft;  Even 
though  the  pilot  had  no  control  in  five 
out  of  the  15  ejections,  the  aircraft 
behaved  normally  without  changes  in  its 
attitude.  The  remaining  ejections,  were 
made  from  more  or  less  violent  diving  or 
tumbling  the  aircraft.  See  Figure  4. 

1.4. -  Speed  of  the  aircraft;  All  ejections 
were  made  at  speeds  ranging  from  150  to 
250  knots,  except  Case  number  12  which  was 
made  at  350  knots.  See  Figure  5 


1.5.-  O  forces  load:  All  aircrafts 
involved  in  ejections  were  under  1  G, 
except  6  cases  which  supporting  loads  of 
Gs  ranging  from  1  negative  G  to  4  negative 
Gs.  See  Figure  6 


1.6.-  Sitting  posture:  Most  of  the  pilots 
used  the  prescribed  ejection  procedures, 
with  a  proper  sitting  posture,  excluding 
Cases  7,  19  and  20  which  were  unknown.  See 
Figure  7.  Only  3  pilots  declared  that 
their  posture  on  the  ejection  seat  was 
absolutely  inadequate:  The  former  pilot 
suffered  a  structural  failure.  His 
aircraft  became  uncontrollable  after  that. 
Suddenly  it  began  spinning  at  4  negative 
Gs,  and  consequently  the  pilot  started  his 
ejection  without  any  visual  reference.  The 
second  pilot,  while  flying  a  simulated 
combat,  did  a  manoeuvre  because,  the 
aircraft  was  outside  the  envelope  of  its 
aerodynamic  limits,  and  it  also  began 
spinning  with  negative  Gs.  The  third 
pilt..t,  we  mentioned  before,  used  all 
emergency  procedures,  but  his  aircraft 
flight  manual  in  the  chapter  dedicated  to 
the  ejection  seat,  it  showed  the  firing 
handle  cable  length  longer  than  the  one 
that  was  actually  set  in  the  aircraft,  and 
when  he  pulled  up  the  firing  handle, 
located  between  his  knees,  the  rockets 
ignition  took  him  by  surprise,  so  he 
egressed  in  wrong  posture.  Finally,  2  more 
pilots  thought  that  their  sitting  posture 
might  have  been  inadequate. 

2. -  Boreas  and  parachute  descent; 

There  were  no  major  problems  in  these 
phases.  Both  were  attained  in  all  cases 
without  difficulties,  except  in  2  cases 
where  ejections  were  at  a  very  low 
altitude.  Both  ejections  were  outside  the 
design  envelope  of  the  escape  systems,  and 
the  parachutes  were  not  deployed. 
Concerning  remaining  ejections,  not  one 
pilot  had  contact  between  the  parachute 
lines  and  legs  or  arms,  and  the  deployment 
of  parachute  was  perfect  in  all  cases. 
There  were  slightly  problems  as  back 
pains,  haematomas  etc.  Only  in  one  case, 
the  helmet  was  lost.  About  30  %  of  all 
ejectees  had  a  limited  chance  to  prepare 
for  landing,  due  to  injuries,  or  a 
parachute  descent  of  only  a  few  seconds. 

3 .  -  Landing ;  There  were  3  landings  on 
water,  with  temperature  ranging  from  12s 
to  22®  c,  (average  of  17®  C).  All  pilots 
used  automatic  life  preservers  that 
inflated  correctly.  Remaining  landings 
were  on  the  ground.  One  pilot,  who  had 
lost  his  helmet,  was  caught  in  a  tree  and 
remained  hanging  near  the  ground  until  he 
cut  the  lines.  He  was  slightly  injured  on 
his  face.  Another  one  was  entangled  in  the 
retention  strap  of  his  survival  kit.  3 
pilots  were  killed:  2  of  them  due  to 
failure  of  deployment  of  the  parachutes. 
One  hit  a  tree  trunk,  after  loss  of 
control  during  landing  procedures,  just 
before  the  man-seat  separation  phase  was 
completed,  the  other  hit  the  ground.  The 
third  pilot  was  dragged  away  by  high  wind. 


4. -  Survival;  Out  of  14  successful 
ejections  on  land,  in  only  3  of  them,  were 
the  pilots  unable  to  be  active:  Cases  3,  7 
and  8.  The  remaining  situations  were 
generally  uncomplicated.  Out  of  3 
successful  ejections  on  water,  orly  one 
pilot  used  his  liferaft,  this  was  because 
his  rescue  te^un  arrived  about  30  minutes 
after  he  reached  the  water. 

5. -  Rescue;  All  pilots  were  rescued  within 
3  hours  after  landing.  2  out  of  3  pilots 
who  were  caught  in  the  water  were  rescued 
by  helicopter  within  the  following  30 
minutes  after  the Lr  mishaps  took  place. 

The  third  was  rescued  inmediatelly  by  a 
fishing  boat.  Its  crew  saw  his  parachute 
descent  towards  the  sea.  Most  of  the  14 
pilots  who  landed  on  ground,  were  also 
rescued  by  helicopter,  and  no  medical 
treatment  was  given  to  them  by  rescue 
teams.  Three  non  injured  pilots  were 
helped  by  people  and  were  taken  to  the 
nearest  tcwu. 

Hospical  care;  Each  and  every  pilot  that 
survived  was  examined  at  the  hospital 
inmediatelly  after  their  rescues.  2  or  3 
hours  after  their  physical  ex^unination, 
that  included  X-Ray,  8  pilots  left  the 
hospital  and  resumed  flying  duties  the 
very  next  day.  All  of  these  pilots,  but 
One,  kept  on  flying  normally.  The  reason 
was  that  the  latter  suffered  from  back 
pain  during  his  first  flight,  because  of 
that,  he  was  medically  disqualified  for 
flying  for  3  more  days.  The  remaining 
pilots,  9  out  of  the  total,  were 
hospitalized  for  time  ranged  between  2 
days  and  45  days.  See  Figure  8.  They 
resumed  normal  flying  duties  after  their 
discharge  from  hospital.  It  took  between  1 
week,  and  6  months.  Only  one  pilot.  Case 
number  7,  with  right  leg  fracture,  was 
classified  as  definitively  removed  from 
flying  status.  See  Figure  9. 

Review  of  injuries;  4  pilots  suffered 
spinal  fractures:  Cases  numbe-s  1,  9,  12 
and  18.  3  out  of  them  had  fractures  in 
levels  T-11,  T-12,  L-1,  with  moderate 
compression,  except  in  Case  number  9,  who 
had  a  fracture  in  T-12  including  25 
percent  of  vertebral  body  crushing.  The 
fourth  pilot  suffered  a  fracture  in  his 
coccyx.  It  is  probable  that  most  of  these 
fractures  were  due  to  ejection  forces  in 
combination  with  wrong  sitting  postures. 
Out  of  4  pilots,  only  one.  Case  number  1, 
had  declared  that  his  posture  was 
inadequate.  However,  later  investigations 
about  cases  9  and  12,  showed  that  their 
back  could  have  been  slightly  separated 
from  the  seat  at  the  moment  of  egress.  In 
Case  number  18,  coccyx  fractured,  the 
sitting  posture  was  good  and  the  etiology 
of  fracture  was  unknown.  The  legs  of  2 
pilots  were  fractured.  One  of  them 
entangled  in  his  survival  kit  at  the 


moment  of  landing,  and  he  suffered  several 
fractures  in  both  legs.  The  other  had  two 
fractures  in  his  right  leg  probably  due  to 
both,  imperfect  landing  technique  and 
excessive  weight.  This  pilot,  after  being 
discharged  from  hospital,  was  removed  from 
flying  status.  One  pilot  suffered  a 
pneumothorax  in  both  his  lungs.  No  rib 
fracture  'jas  found.  In  addition,  he  ‘'nd 
several  petechiae  in  his  upper  half  body 
and  specially  a  great  conjunctival 
haemorrhage  in  both  ey^a.  Probably  all 
these  injuries  were  due  to  dynamic 
pressure.  There  was  only  one  pilot  whose 
joints  were  injured  caused  by  wrong 
landing.  His  left  ankle  was  the  joint 
injured.  There  were  2  pilots  with  minor 
fractures:  One  in  his  foot,  and  other  in 
his  hand.  Regarding  skin  injuries,  7 
pilots  had  scratches,  haematomas  etc.,  the 
most  frequent  sites  of  injuries  were  the 
shoulder  due  to  harness  compression,  the 
face  caused  by  the  oxygen  mask,  and  the 
lower  legs.  And  finally,  4  pilots  suffered 
from  muscle  soreness,  especially  neck 
pain,  probably  due  to  ejection  forces  or 
none  perfect  landing.  See  Figure  10. 

Post-mishap  behaviour;  There  was  not  a 
survived  pilot  with  physical  sequelae 
except  Case  n®  7.  Regarding  psychological 
sequelae,  among  all  pilots  that 
successfully  ejected  and  resumed  their 
flying  duties,  3  declared:  that  after  the 
mishap  they  felt  more  con-'ident  about 
flying  than  they  were  before,  so  they 
trusted  their  ejection  seats  now.  This 
opinion  is  often  found  among  pilots  that 
were  not  injured.  However,  most  pilots 
consulted,  declared  that  their  attitude 
concerning  flying  had  not  changed  after 
their  mishap.  Only  2  pilots  had 
psychological  problems:  One  of  them  was 
removed  from  flying  status  due  to  his 
injuries.  The  other  one,  after  his  total 
recovery,  flew  for  some  months  the  same 
type  of  aircraft.  Nevertheless  his 
psychological  problems  increased,  so  he 
was  stationed  a  different  air  force  base 
and  he  continued  flying  a  different  type 
of  ai-craft.  Nowadays,  he  still  recalls 
his  mishap  frequently.  As  consequence  of 
that  his  flying  activity  xs  dying  down. 
Probably  we  have  more  pilots  with  slight 
psychological  problems,  but  they  are  not 
shown. 

In  our  inquiry,  sent  to  pilots,  we  were 
searching  their  opinion  about  two  types  of 
training;  Ejection  seat  simulator 
training,  and  parachute  training  just  from 
the  tower.  Pilots 's  opinions  are  very 
significant.  Regarding  ejection  seat 
training,  65  %  of  pilots  claim  that  it 
might  be  positive  for  the  completition  of 
their  professional  training,  being 
especially  concerned  about  adopting  the 
right  posture.  Remaining  35  %  declare  that 
this  not  improve  their  standard  training. 


5.1-4 


See  Figure  11.  On  the  other  hand, 
regarding  parachute  training,  (3  none 
injured  pilots  had  accomplished  several 
parachute  jumps  before  their  mishap) ,  88  % 
agree  in  the  necessity  of  the  parachute 
training  tower,  be'_auae  that  might  irprove 
their  landing  techniques.  Only  12  % 
answered  negatively  when  asked  about  this 
matter.  See  Figure  12. 

DISCUSSICTt;  The  present  study  analyzes  the 
medical  consequences  of  ejections  in 
Spanish  Air  Force  pilots.  Data  referring 
to  aircraft  has  helped  us  uo  understand 
how  the  ejection  took  place,  but  our  aim 
is  not  to  analyze  how  nor  why  the  mishaps 
happened.  The  most  important  problem  in 
flight  is  the  pilot's  situation  awareness. 
After  his  former  analysis  of  the  problem, 
and  perhaps  several  attemps  in  emergency 
situations,  the  pilot  decides  to  egress. 

In  addition  we  riave  no  doubt  about  the 
many  important  factors  surrounding  pilots. 
Their  selection,  training,  experience  and 
psychophysical  condition  may  modify  the 
result  of  ejection.  For  example  in  «.wo  out 
of  the  three  fatal  ejections  discussed  in 
this  paper,  it  is  possible  to  blcune  the 
pilots'  failure  to  identify  and  handle  the 
emergency  in  dig  time,  because  the  final 
cause  that  led  to  ejection  was  place  out 
of  the  seat  safety  limits.  Nevertheless, 
the  pilots  may  have  some  time  to  prepare 
the  ejection,  injuries  may  occur  either  in 
the  egress  or  in  the  larJing  phases  (1,  2, 
3,  4).  So  we  must  consider  two  aspects  of 
their  training:  Sitting  posture  and 
landing  technique.  Five  pilots  were 
injured  by  inadequate  sitting  posture. 

Most  authors  agree  to  point  out  that 
posture  is  the  most  important  factor  to 
avoid  spinal  injuries,  (1,  2,  5),  even 
when  the  Dynamic  Response  Index  of  the 
seat  is  high.  In  our  study,  we  have  found 
a  significant  relationship  between  sitting 
posture  and  the  number  of  injured  pilots; 
83  %  of  the  pilots  with  adequate  sitting 
postures  were  not  injured,  while  80  %  of 
the  pilots  with  inadequate  postures 
suffered  from  some  injuries.  See  Figures 
13  and  14.  We  agree  also  with  ottier 
authors,  (2,  5),  on  the  percentage  of 
injuries  and  its  more  frequent  location  at 
low  thoracic  spinal  levels.  Regarc.*.ng 
injured  pilots  at  the  landing  phase,  our 
conclusions  are  similar.  See  Figure  15.  We 
have  found  7  injured  pilots  and  one  pilot 
killed  in  that  phase.  They  made  58  »  of 
the  total  injured  pilots.  The  pilot  who 
was  killed,  suffered  *'>tal  injuries  when 
he  was  dragged  away  by  violent  wind. 
Probably  he  was  unconsciour  and  unable  to 
control  the  parachute.  Concerning  these 
pilots,  we  should  consider  all  their 
injuries  as  the  product  of  incorrect 
landing  techniques  (3,  •' J ,  and  in  one 
case,  the  combination  of  both:  incorrect 
technique  and  excessive  body  weight.  In 
summary,  after  this  study,  we  can  presume 


that  both  types  of  training:  ejection  seat 
simulator  and  parachuting  tower  may  have 
decreased  significantly  the  number  and 
seriousness  of  injuries  during  ejections. 
In  addition,  it  is  necessary  that  pilots 
begin  to  fly  again  as  soon  as  possible 
after  a  mishap  or  total  recovery,  in  the 
case  they  had  injuries.  Consequently  they 
can  avoid  psychological  troubles  that 
often  appear  when  pilots  resume  their 
flying  duties  too  late. 
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TABIA  I 


DATA  or  PILOTS 


Age 

Stature 

Weight 

Fl.Hrs 

Max 

47 

190 

90 

4700 

Min 

23 

166 

60 

280 

Avg 

32,8 

174,4 

72,8 

2003,5 

Std 

7,28 

6,71 

8,41 

1386,01 

Lt.Col.  Garcfa  Alcdn 


TABLE  II 

KIND  or  EMERGENCY  PRECEDING  EJECTION. 
TECHNICAL  PAILURE 


A. -  Fire  or  Explosion .  3 

B. -  Control  system  failure .  3 

c.-  structural  failure .  3 

D.-  Engine  flame  out .  2 
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1.  SUMMARY 

Most  traditional  accident  prevention  programmes  are  based 
on  information  gleaned  from  accident  research.  While 
acknowledging  the  contribution  from  this  approach,  two 
difficulties  can  be  identified.  First,  many  accidents  may  be 
the  product  of  a  unique  combination  of  circumstances. 
Second,  the  whole  process  is  'reactive'.  In  contrast,  the 
research  initiative  reported  here  begins  with  the  premise 
that  the  components  of  any  organisation  may  already  hold 
much  information  which  could  be  relevant  to  safety 
research  and  which  could  be  used  proactively'. 

The  approach  seeks  to  exploit  the  fact  that  many 
organisations  operate  a  closed  system'  whereby  they 
control  and  monitor  the  throughput  of  personnel  with 
some  degree  of  objectivity.  The  research  programme 
described  is  essentially  data-driven  and  focuses  on 
identifying  sources  of  information  concerning  flying 
behaviour  which  could  contribute  to  flight  safety  and 
accident  prevention.  Thus  the  programme  seeks  to 
establish  points  of  proactive  intervention'. 

The  community  involved  in  the  study  is  the  UK  Army  Air 
Corps  (AAC).  The  research  programme  has  examined 
aspects  of  the  selection,  training  and  operational  sub¬ 
systems  of  the  UK  Army  helicopter  community,  in  addition 
to  traditional  accident  information. 

A  novel  feature  of  the  methodology  outlined  in  this 
programme  is  that  each  of  the  areas  can  be  considered  as 
stand-alone  modules,  capable  of  providing  useful 
management  information  in  their  own  right.  Taken 
together,  they  represent  a  powerful  and  integrated  approach 
to  an  organisation's  flight  safety  and  accident  prevention 
programme. 

2.  INTRODUCTION 

Traditionally,  accident  prevention  has  begun  with  the 
analysis  of  accidents.  The  purpose  is  both  to  provide  an 
understanding  of  the  underlying  causes  and  to  furnish 
eviderKe  which  can  be  used  to  prevent  a  recurrence.  The 
focus  therefore  tends  to  be  exclusively  on  the  specific 
events  surrounding  the  accidents  themselves. 

Investigations  seek  to  establish  precisely  what  occurred, 
and  subsequently  by  highlighting  aspects  jii'i^ed  to  he 
undesirable,  attempts  are  made  to  influence  the  future 
behaviour  of  the  community  via  a  'lessons  learned' 
approach. 


Valuable  though  this  approach  is.  it  suffers  from  two 
fundamental  weaknesses.  In  the  first  place,  many  accidents 
are  the  product  of  a  unique  chain  of  circumstances,  with 
perhaps  little  that  can  be  generalised.  In  the  second  place, 
it  is  essentially  a  'reactive'  process  ie  it  occurs  after  the 
event. 

Also,  to  concentrate  exclusively  on  the  information 
contained  in  accidents  would  appear  to  overlook  other 
potentially  fruitful  areas.  For  instance  any  organisation 
which  controls  the  progression  of  personnel  through 
various  component  stages  by  means  such  as  training 
and/or  examination,  is  likely  to  possess  other  data  which 
could  be  employed  to  improve  flight  safety  This  is 
especially  likely  to  be  the  case  the  more  the  organisation 
represents  a  'closed  system',  as  is  the  case  with  most 
service  situations. 

3.  AIM 

The  aim  of  the  project  is  to  examine  'he  various 
component  parts  of  the  UK  Army  Air  Corps  to  identify 
sources  of  data  which  might  serve  as  potential  points  of 
'proactive  intervention'.  As  the  programme  is  ongoing, 
the  aim  of  this  paper  is  to  provide  a  brief  overview  of  the 
methodology,  drawing  upon  illustrative  examples  where 
appropriate  to  convey  a  flavour  of  some  ol  the  research. 

4.  METHOD 

4.1  The  Organisation 

A  simplified  overview  of  the  throughput  structure  of  the  UK 
Army  Air  Corps  shows  how  potential  pilots  pass  through 
various  stages  of  selection  and  training  before  joining  a 
unit.  Figure  I  shows  that  there  are  a  number  of  co.mponent 
'modules'  which  can  be  idcntiRed  potential  sources  of 
data  to  supplement  the  usual  information  obtained  from 
accident  analysis.  Progress  in  investigating  each  of  these 
modules  is  summarised  below. 


Figure  1  AAC  Throughput 


4.2  Selection 

The  AAC  takes  candidates  for  pilot  training  from  both 
civilian  life  and  the  services.  Initial  stages  of  selection 
involve  aptitude  testing  at  the  Officers  and  Aircrew 
Selection  Centre  (OASC)  at  RAF  Biggin  Hill.  There, 
candidates  perform  a  number  of  computer-based  tests  of 
psychomotor  ability,  cognitive  functioning  and 
instrument  comprehension  (although  the  number  and 
nature  of  these  tasks  is  currently  under  review).  Civilians 
also  have  to  pass  a  Regimental  Board  which  assesses  their 
general  suitability. 

Under  normal  circumstances  successful  candidates  are  then 
sent  on  a  flying  grading  course  (FGC).  Unlike  the  initial 
computer-based  selection  tests  which  are  designed  to 
capture  essential  elements  of  required  skills,  flying  grading 
consists  of  13  hours  of  actual  flying  in  a  fixed  wing 
aircraft.  During  this  period  experienced  instructors  assess 
the  candidates'  pilot  aptitude.  Those  successful  at  this 
stage  are  awarded  a  place  on  the  army  pilots'  course  (APC). 

With  regard  to  this  module,  the  research  prograrrtme  is 
engaged  in  searching  for  the  best  predictors  of  success,  and 
in  identifying  failure  at  the  earliest  opportunity,  thereby 
ensuring  the  most  cost-effective  selection  system  and  a 
safer  pool  of  pilots.  Initial  findings  indicate  that  'real' 
flying  (as  represented  by  the  flying  grading  course)  is  a 
much  more  powerful  indicator  of  success  on  the  pilots' 
course  than  the  computer-based  tests  alone.  Calculations 
based  on  a  sample  of  almost  one  thousand  trainee  pilots 
showed  that  the  APC  pass  rate  was  71.02%  and  the  failure 
rate  was  26.69%.  However  when  the  sample  was  broken 
down  into  those  who  went  through  flying  grading  prior  to 
the  APC  and  those  who  did  not.  it  revealed  that  the  pass 
rate  in  the  former  was  78.7%  while  in  the  latter  group  it 
was  only  66.5%.  Table  1  shows  the  numbers  involved 
expressed  as  a  Chi  square  contingency  table,  with  the 
expected  values  in  brackets.  Using  Yates'  correction,  Chi 
square  =  15.597879,  The  result  is  significant  (p  <  0,001, 
df=  1). 


APC  OUTCOME 


Non  FGC 

FGC 

PASS 

403 

281 

284 

(429.6) 

(254,4) 

FAIL 

188 

69 

257 

(161.4) 

(95.6) 

591 

350 

941 

Table  1  Contingency  Table  of  Training  Outcomes 

This  may  not  be  particularly  surprising.  However,  expense 
and  the  limited  number  of  FGC  places  would  prevent  it 
being  used  as  the  sole  means  of  aptitude  selection.  In  any 
case,  although  the  test  battery  correlates  relatively  weakly 
idt  the  final  outcome  of  the  APC.  it  correlates  more 
strongly  with  the  FGC  outcome.  It  therefore  does  perform 
the  function  of  a  useful  screening  process.  The  selection 
data  is  currently  being  computed  with  corrections  for  the 


range  restrictions  which  occur  as  a  consequence  of  the 
progressively  smaller  numbers  advancing  through  the 
system. 

When  the  current  exercise  on  this  phase  is  complete,  it  will 
furnish  additional  information  not  previously  available  on 
the  predictive  power  of  variables  such  as  age.  rank  and  the 
relevance  of  previous  experience.  This  area  will  be  worthy 
of  further  study  in  the  future  given  that  OASC  are  to  intro¬ 
duce  additional  tests  into  the  battery.  Finally,  a  fmegrain 
validation  exercise  of  the  new  selection  battery  will  be 
conducted  in  conjunction  with  the  next  module  covering 
training. 

4.3  Training 

From  the  outset  of  the  piroject,  one  fundamental  aim  was  to 
make  the  exercise  data-driven  wherever  possible.  This 
search  for  quantitative  evidence  prompted  an  examination 
the  training  area  where  a  large  amount  of  data  was  known  to 
exist.  This  provided  abundant  evidence  of  both  success  and 
failure  at  'real'  flying  tasks. 

Following  successful  selection  and  flying  grading, 
candidates  on  the  army  pilots'  course  progress  tljough 
three  phases  of  training:  basic  fixed  wing  (BFW),  basic 
rotary  wing  (BRW)  and  advanced  rotary  wing  (ARW). 
Throughout  each  of  these  phases  their  progress  is  recorded 
in  a  training  record  folder.  On  each  sortie  flown  students 
are  assessed  against  21  basic  abilities.  For  each  of  these, 
performance  is  graded  on  a  four  point  scale,  and  the  sortie 
itself  is  given  an  overall  grading  according  to  the  same 
scheme.  This  information  is  colour-coded  onto  a  summary 
sheet,  (blue  =above  average,  green  =  average,  brown  = 
below  average  and  red  =  fail).  This  multi-coloured  matrix 
provides  the  instructor  with  an  instant  visual  picture  of  the 
student's  progress.  (Written  reports  on  each  sortie  supple¬ 
ment  this  summary  should  the  instructor  wish  to  consult 
more  detailed  information  on  specific  exercises).  How¬ 
ever.  until  the  current  research,  these  records  had  been 
employed  solely  to  check  on  the  progress  of  individual 
Students.  Even  then  none  of  the  information  was  employed 
statistically.  There  were  therefore  no  scores  which  could 
be  used  to  illustrate  norms  or  averages  for  groups  of 
students. 

Two  approaches  have  been  adopted  with  rcc  ud  to  these 
data.  The  first  attempts  to  produce  a  too  vhich  could  be  of 
use  to  management  in  general  and  th  i  istructors  in 
particular.  The  second  represents  t  le  beginning  of  a 
research  effort  to  examine  the  ci  .icepts  underlying  the 
training/asscssment  system  with  a  view  towards 
strengthening  the  appraisal  process. 

4,3,1  Underlying  Co'  cipt.s  Management  Tool 
The  initial  search  Fa  consistencies  or  patterns  was  done  by 
computing  the  br  v  n  and  red  gradings  (ie  scores 
representing  bi  low  average  performance)  for  a  sample  of 
student  pilots.  Figure  2  shows  typical  'Error  Rating 
Profiles'  'EkPs)  obtained  from  such  a  sample  when  the 
scores  arc  calculated  in  this  way.  (The  term  'profile'  here  is 
not  meant  to  imply  a  mathematically  continuous  function, 
i'  IS  merely  a  convenient  descriptive  label).  It  is 
immediately  obvious  from  Figure  2  that  there  is  a  regular 
pattern  to  such  a  function,  with  most  of  the  errors  judged  to 
have  been  committed  against  a  sub-set  of  the  basic 
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abilities.  It  transpires  that  this  pattern  is  non-random,  and 
although  there  are  subtle  differences  for  particular  types  of 
sortie  and  different  phases  of  the  course,  these  too  would 
appear  to  contain  consistencies.  With  very  little  effort 
therefore,  a  tool  can  be  made  available  to  enable 
instructors  to  compare  any  student's  performance  with 
group  norms  from  any  phase  of  the  course.  Such  a 
pragmatic  technique  could  be  of  particular  help  to  new 
instructors. 


Percentage  Grrors 


The  extent  to  which  such  pallcms  can  be  used  in  a 
predictive  fashion  is  explored  in  more  detail  ehsewhere  (Ref 
1),  Suffice  it  to  report  here  that  aspects  of  these  early 
patterns  appear  to  be  potentially  enduring  indicators  of 
performance  well  beyond  the  APC.  For  instance,  durmg 
the  course  of  this  work  the  senior  author  was  conucted  by  a 
commander  in  the  field  who  wished  to  discuss  the  flying 
performance  of  one  of  his  pilots  which  he  considered  to  be 
unsafe.  When  the  training  records  of  this  pilot  were 
subjected  to  'Error  Profile'  analysis  it  was  found  that  the 
functions  obtained  were  more  closely  related  to  the  average 
fail  function  than  the  average  pass  function. 

4.3.2  Underlying  Concepts  ■  Appraisal  System 
The  other  main  thrust  of  the  research  work  on  the  training 
area  has  concentrated  on  laying  down  the  groundwork  for  a 
more  objective  appraisal  system.  This  has  begun  modestly 
by  attempting  to  uncover  precisely  how  the  various  basic 
abilities  combine  when  subjected  to  factor  analytic 
techniques.  Table  2  illustrates  this  with  the  results  of  a 
principal  component  analysis  carried  out  on  each  of  the 
three  phases  of  the  APC.  This  shows  that  the  basic 
abilities  tend  to  reduce  to  three  or  four  core  sets  of 
elements,  with  some  subtle  differences  between  the  phases. 
Factors  arc  listed  according  to  their  weightings. 

The  next  stage  of  this  work  is  being  conducted  on  a  number 
of  features,  including  addressing  questions  of  content 
validity.  For  instance  clarification  is  required  on  precisely 
what  the  instructors  mean  by  some  of  the  terms,  and  what 
specific  behaviour  constitutes  a  pass  or  fail  grade  on  these. 


(a)  BFW 

Factor 

%  Variance  E^crlained 

Cumulative  % 

1 

56.7 

56.7 

2 

12.0 

68.8 

3 

10.3 

79.0 

4 

7.2 

86.3 

Factor  1 

Factor  2 

Faqor  3 

Flexibility 

l^koul 

Checks 

Stability 

Attitude 

Cockpit  Managt. 

Anucipaiion 

R/r 

Accuracy 

Rule  Following 

Faaor  4 

Awareness 

Recall 

Rule  Following 

Div  of  Attention 

Obs  a/c  Limits 

Co-ordination 

Captaincy 

Visualisation 

Captaincy 

(b)BRW 

Factor 

%  Vanance  Explained 

Cumulative  % 

1 

57.9 

57.9 

2 

12.5 

70.4 

3 

8.2 

78.6 

I'aavr  1 

Factor  2 

Factor  3 

1  Div  of  Attention  Captaincy 

Rule  Following 

Flexibility 

Attitude 

R/T 

Anticipation 

Stability 

Awareness 

Obs  a/c  Limits 

Control  Action 

Lookout 

Co-ordination 

Recall 

Visualisation 

Accuracy 

(c)  ARW 

Factor 

%  Vanance  Explained 

Cumulative  % 

I 

51.0 

51.0 

-» 

13  5 

64.5 

3 

5  9 

70.4 

4 

5.4 

75.5 

laclor  1 

Facior  2 

liasagi  2. 

Div  of  Attention  Crew  Co  opcraiion  Cockpit  Manaei  I 

Recall 

Bncfing 

RexibUity 

Accuracy 

Captaincy 

Control  Action 

Planning 

Fx9i9r  4 

Co-ordination 

!.oakou( 

Awareness 

AlLilude 

RTF 

Visualis^ion 

Anticipation 

Table  2  Principal  Component  Analysis  Performed  on  (a)  Basic 
Fixed  Wing,  (bj  Base  Rotary  Wing  and  (c)  Advanced  Rotary 
Wing  Phases  of  T raining 

Concerns  such  as  these  are  being  pursued  with  the  aid  of 
subsidiary  semi -structured  interviews  and  follow-up 
questionnaires. 

Finally,  the  apparent  differential  value  attached  to  a  sub  set 
of  the  basic  abilities  has  raised  the  opportunity  of 
attempting  correlations  between  the  selection  battery  and 
specific  capabilities.  This,  plus  examination  of  the 
records  of  those  suspended  from  the  course,  affords  a  much 
more  fincgrain  validation  exercise  than  has  ever  been 
possible  before.  Such  analyses  will  be  particularly 
imponant  in  the  development  and  validation  of  new  tests. 
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4.4  Operational  Aspects 

The  term  operational  is  used  here  to  cover  all  those  who 
have  passed  the  APC  and  have  now  joined  units  in  the  field  - 
essentiaUy  all  line  pilots.  Of  these,  some  will  return  for 
further  training  such  as  conversion  courses  onto  other 
helicopters,  or  to  undergo  aircraft  commanders'  courses. 
With  the  exception  of  these  courses  (which  are 
considerably  shorter  than  the  APC  and  where  the  data  is 
particularly  sparse),  there  is  little  in  the  way  of  data  which 
can  be  tapped  in  the  same  way.  The  only  other  recorded 
information  is  that  which  is  available  from  the  six- 
monthly  checkiides  on  pilots  carried  out  by  standards 
officers. 

Because  of  the  paucity  of  objective  data  in  this  area 
techniques  have  been  employed  to  elicit  subjective 
comments  and  opinion.  Confidential  semi-structured 
interviews  have  been  conducted  on  instructors,  line  pilots 
and  aircrewmcn  of  differing  experience  levels.  Such  areas 
as  personal  attitudes,  motives  and  particularly  operational 
pressures,  are  being  probed  in  an  effort  to  provide  general 
views  on  the  operations  area.  The  information  obtamed 
from  this  phase  of  the  project,  although  less  easy  to 
quantify  than  the  rest  of  the  data  to  date,  helps  to  define  the 
social  and  organisational  ethos.  Such  material  is  of  vital 
importance  because  flying  skills  arc  not  employed  In  a 
vacuum.  This  area  of  the  project  therefore  attempts  tap  the 
organisational  culture  and  to  put  the  flying  behaviour  into 
a  realistic  context. 

4.5  Accidents,  incidents  and  near-accidents 

Finally,  the  area  traditionally  associated  with  accident 
prevention  require,s  to  be  addressed  ie  accident  analysis. 
Typically  such  analyses  reveal  that  human  error  is 
responsible  for  the  largest  proportion  of  accidents  (eg  Ref 
2).  In  the  context  of  this  progranmie.  a  database  of 
accidents  is  currently  being  examined  to  establish  the 
accident  profiles,  and  to  investigate  what  relationshtps 
exist  between  these  and  the  information  elicited  by  other 
parts  of  this  research.  Particular  consideration  is  being 
devoted  to  establishing  which  aspects  are  attributable  to 
flying  errors  (and  may  therefore  reflect  the  error  profiles  or 
the  factor  analysis  performed  on  the  training  phase),  and 
which  arc  the  product  of  particular  pressures  (and  may  be 
supported  by  the  material  obtained  in  the  operational 
interviews). 

However  accident  analysis  is  only  ever  likely  to  be 
touching  the  exposed  tip  of  the  error  iceberg'.  Clearly  a 
great  many  accidents  are  only  narrowly  avoided,  some 
knowuigly,  others  perhaps  not.  The  fonner  may  be  tapped 
by  other  methods  such  as  incident  analysis.  Here  only  the 
semantics  of  a  categorisation  scheme  may  separate  an 
incident  from  an  accident,  eg  by  the  degree  of  damage  or 
injury  sustained 

Many  incidents  which  were  close  to  becoming  accidents 
may  never  be  reported  because  of  the  possible  attribution 
of  blame.  Yet  such  occurrences  are  equally  valuable  sources 
of  material,  both  in  helping  understanding,  and  in 
providing  additional  information  to  assist  prevention.  In 
order  to  lap  these  events,  organisations  need  effective 
confidential  reporting  systems.  Military  systems  typically 
do  not  favour  such  schemes.  At  senior  levels  they  tend  to 


be  frowned  upon  as  potentially  subversive  because  they 
appear  to  offer  a  mechanism  which  could  undermine  the 
chain  of  command.  At  the  level  which  represents  the 
potential  source  of  reports,  there  is  often  considerable 
scepticism  over  confidentiality.  This  is  particularly  the 
case  in  small  organisations  where  it  is  fell  that  divulging 
detailed  information  will  automatically  identify  the 
perpetrators  to  the  community,  even  if  names  and  units  are 
withheld  from  general  release. 

Within  the  AAC,  the  first  trial  year  of  a  new  confidential 
reporting  system  has  just  been  completed.  The  essential 
difference  from  the  previous,  (tri-service  system),  is  that 
all  reports  are  now  sent  direct  to  the  Head  of  the  Human 
Factors  Unit  (the  senior  author),  who  alone  retains 
information  about  the  report's  originator.  As  a  CIVILIAN 
adviser  this  position  is  clearly  perceived  as  independent  of 
the  chain  of  command.  Thus  far  the  experiment  appears  to 
have  been  successful,  with  a  fourfold  Increase  in  reports, 
and  information  on  a  variety  of  topics  including  some 
dangerous  flying  practices. 

To  the  extent  that  such  reports  can  emanate  from  anywhere 
in  the  system  (eg  operational  or  training  environments), 
they  provide  opportunities  to  tap  the  social,  managerial, 
command  and  organisational  pressures  being  exerted. 

S.  CONCLLDINC;  COMMENTS 

The  research  programme  outlined  here  has  argued  that 
programmes  of  accident  prevention  ought  not  to  focus 
exclusively  on  accident  analysis  for  their  material. 
Organisations  are  made  up  of  a  number  of  components 
which  are  likely  to  contain  information  which  could  be 
relevant  to  proactive  approaches.  The  case  has  been  made 
using  the  example  of  an  ongoing  research  programme 
being  conducted  on  the  selection,  training,  operational  and 
accident  databases  of  the  UK  Army  Air  Corps. 

The  approach  demonstrates  that  each  research  module  is 
capable  of  yielding  valuable  uiformauon  to  guide 
management.  However  as  the  components  arc  also 
interdependent,  it  is  argued  that  only  by  taking  a  total 
systems  approach  is  it  possible  to  provide  an  inlegraled 
whole'  which  is  greater  than  the  sum  of  its  parts.  Figure  3 
summarises  this  integration  and  identifies  the  main  areas 
of  proactive  intervention. 


Figure  3  AAC  Throu*pot,  Sources  of  Data  S  Points  for 
Proactive  Intervention 
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1.  SUMMARY 

Aircraft  accidents  can  be  categorized  in  a  number  of 
different  ways  (eg  aircraft  type,  amount  of  damage,  nature 
and  severity  of  injuries  sustained).  Similarly,  causation 
can  be  attributed  to  a  variety  of  different  factors  (eg  aircrew 
error,  technical  failure,  operational  hazard).  Of  all  the 
labels  used  in  such  schemes,  the  one  which  consistently 
dominates  the  list  of  causes  is  that  referred  to  as  human 
error'.  In  this  respect  the  accident  statistics  of  the  UK 
Army  Air  Corps  (AAC)  are  no  exception.  However  a  label 
such  as  human  error'  is  not  particularly  enlightening  with 
regard  to  accident  aetiology,  nor  does  it  immediately 
suggest  obvious  areas  for  remedial  action.  To  satisfy  these 
requirements,  more  detailed  categorization  schemes  are 
necessary.  Three  such  schemes  were  applied  to  a  sample  of 
recent  AAC  accidents  for  which  human  factors 
investigations  were  available  Two  of  the  schemes 
(Fcggctter.  Ref  1  and  Chappelow,  Ref  2)  had  been 
developed  within  the  field  of  aviation  accident 
investigation  while  the  third  (Reason,  Ref  3)  represented 
recent  developments  witiiiit  cognitive  psychology.  To 
date,  around  half  of  the  accidents  held  in  the  databa.se  have 
been  subjected  to  analysis.  Preliminary  results  suggest 
that  while  all  the  schemes  were  useful,  one  particular 
scheme  (Ref  2)  was  ca.sier  to  implement  than  the  other  two. 
provided  a  good  understanding,  and  indicated  areas  for 
remedial  action.  The  exercise  is  being  extended  to  cover  a 
larger  sample. 

2.  INTRODUCTION 

2.1  The  Army  Air  Corp.s 

rhe  UK  Army  Air  corps  (AAC)  currently  runs  a  fleet  of  well 
over  300  aircraft.  The  fleet  is  predominantly  made  up  of 
rotary  wing  (RW)  craft,  with  Gazelle  (161),  Lynx  (109). 
and  Scout  (33)  helicopters.  In  addition  to  these,  some  22 
Chipmunk  fixed  wing  (FW)  aircraft  form  an  essential  part 
of  the  training  squadrons,  and  a  further  7  Islander  aircraft 
complete  the  fleet.  Approximately  100,000  flying  hrs  are 
flown  each  year  although  no  details  arc  available  on  how 
many  landings  and  take  offs  this  might  include. 

2.2  AAC  Accidents  -  .Some  Basic  .Statistics 
The  last  review  of  AAC  accidents  (Ref  1)  concentrated  on 
medical  and  survivability  aspects  of  rotary  wing  accidents 
in  thic  period  1977  to  1982.  The  cunent  survey  covers 
accidents  up  to  and  including  1991.  It  covers  both  FW  and 
RW  and  concentrates  on  human  factors  aspects. 

2.2.1  Accidents  1965  199! 

For  the  present  purposes  an  accident  is  defined  (according 
to  JSP  318)  as  where  the  aircraft  sustained  category  3,  4  or 


5  damage  (where  cat  5  represents  scrap  value  only),  or 
where  fatalities  or  ,  rajor  injuries  have  been  incurred. 

(This  scheme  has  been  altered  recently  to  exclude  cat  3,  but 
the  old  scheme  was  in  operation  for  all  the  accidents 
examined  in  this  review).  For  the  current  review  all 
accidents  involving  hostile  action  have  been  excluded. 
Figure  1  shows  the  AAC  accident  rate  expressed  as  a 
function  of  10,000  hrs  flying  (some  281  accidents  in  total) 
over  the  last  25  years.  Both  fixed  wing  and  rotary  wing 
accidents  are  included  m  these  data  although  FW  only 
accounts  for  11.03%  of  the  total,  and  6.35%  of  the 
accidents  in  the  la.sl  decade 
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Figure  1  Accident  Rate  Total  Acadeots  and  Human 
Error  Accidents 

The  solid  line  in  Figure  1  shows  a  steady  decline  m  AAC 
accidents  from  a  peak  during  the  sixiies,  and  with  the 
exception  of  an  aberrant  peak  around  1979,  the  curve 
appears  to  approach  asymptote  just  above  .5.  The  broken 
line  in  Figure  I  represents  those  accidents  caused  by  human 
enor.  This  also  shows  a  decline  throughout  the  period 
(again  with  the  exception  of  1979),  although  it  does  not 
parallel  precisely  the  decline  for  all  accidents.  Indeed  it  is 
clear  that  while  the  total  accident  rate  has  decreased,  that 
proportion  of  accidents  attributable  to  human  error  has 
actually  increased  during  the  period.  This  is  illustrated  in 
Figure  2  which  shows  that  human  error  accounted  for  some 
60%  of  all  accidents  during  Ihc  late  sixties  but  that  this 


proporlion  had  risen  to  around  90%  during  the  last  decade. 
By  way  of  partial  explanation,  it  should  be  noted  that  the 
composition  of  the  AAC  fleet  has  altered  during  the  course 
of  the  period  under  review.  One  fundamental  cause  of  the 
early,  'unavoidable',  high  accident  rate  was  the  large 
number  of  technicaJ/mechanical  faults  which  developed 
with  earlier,  less  sophisticated  (piston  engine)  types  of 
helicopter  (eg  Skeeter).  The  cunent  fleet  of  turbine 
powered  aircraft  have  proved  to  be  much  more  reliable  and 
less  likely  to  develop  catastrophic  mechanical  failure. 
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Figure  2  Human  Error  (HE)  Accidents  -  HE  Accidents  as  a 
Percentage  of  ail  Accidents 

For  mstance  there  were  29  rotary  wing  accidents 
categon/.ed  as  technical  failures  dunng  the  period  1964- 
1970,  and  while  the  comparable  figure  for  FW  during  the 
period  was  4  (22.83%  and  3,15%  of  all  accidents 
respectively), 

1.1.1  Accidents  l<)81-I99l 

Figure  3  shows  accidents  for  the  last  decade  broken  down 
into  their  major  cause  categories.  This  shows  aircrew  error 
as  the  largest  single  category.  This  agrees  with  the 
previous  survey  (Ref  1)  and  indeed  appears  to  be  the  case 
whatever  lime  periods  are  selected.  When  the  AAC  acquired 
more  sophisticated  aircraft  such  as  the  twin-engine  Lynx, 
fears  were  expressed  in  some  quarters  that  benefits  from  the 
more  powerful  aircraft  might  be  offset  by  difficulties  in 
servicing  a  more  complex  machine.  At  first  sight  this 
would  appear  to  receive  support  from  Figure  3  which  shows 
a  very  large  proportion  of  accidents  due  to  servicing  error. 
However,  closer  inspection  of  the  accidents  making  up  this 
figure  reveals  that  a  very  large  number  were  actually 
ground  accidents'.  These  occurred  during  servicing,  but 
were  caused  while  the  aircraft  were  being  moved,  cither  in 
or  out  of  hangars,  from  bay  to  bay  within  the  hangar,  or  on 
and  off  jacks.  Therefore  while  all  these  accidents  represent 
legitimate'  human  error  accidents  caused  during  the 
supervision  of  service-related  activities,  the  statistics  do 
not  reflect  the  complexity  of  servicing  operations.  Indeed 
when  these  ground  accidents  are  removed  from  this 
category,  the  figure  drops  to  2.75%.  a  figure  which  is 
almost  identical  to  the  2.55%  attributable  lo  servicing 
error  during  the  period  1965  1979  and  only  a  s'ighl 
increase  on  the  1.59%  recorded  during  the  period  1965- 
1970. 

ViTien  added  together,  the  aircrew,  servicing  and  the  'other' 
enor  categories  make  up  the  total  attributable  to  human 
error,  with  the  largest  category  aircrew  error  as  noted 


above.  However  such  a  statement  is  of  little  practical 
value.  By  itself  it  docs  not  assis'  with  unravelling  the 


Figure  3.  Accident  Breakdown  -  Cause  Code  and 
Proportions 


aetiology  of  what  happened  and  why  it  happened.  Nor  does 
it  help  in  suggesting  precisely  where  remedial  action  can 
be  applied.  In  order  to  resolve  these  questions,  more 
detailed  information  concerning  the  accidents  themselves 
is  necessary. 

Following  the  practice  begun  by  the  UK  RAF,  the  AAC 
requested  that  Defence  psychologists  conduct  independent 
confidential  enquiries  as  part  of  the  post-accident 
investigation  process  from  the  late  1970s.  These  human 
factors  tHF)  investigations  draw-  upon  a  number  of  sources 
of  information  including  confidential  interviews  with 
survivors,  colleagues,  witnesses  and  the  chain  of 
command;  personal  and  training  records  of  those  involved; 
and  examination  of  all  relevant  documentation.  These 
investigations  contain  a  vast  amount  of  information  which 
up  until  now  has  not  been  collated  across  accidents.  In 
order  to  benefit  from  this  detail  m  a  way  which  could 
further  understanding  of  the  human  factors  underlying  the 
accidents,  some  form  of  coding  system  is  necessary. 

2.3  Error  Taxonomies 

There  arc  two  problems  with  this.  First  there  is  no 
generally  accepted  taxonomy  of  error;  most  seem  to  have 
evolved  to  serve  the  need  of  the  specific  community  with 
which  they  are  associated.  Second,  even  a  cursory  search 
of  the  literature  reveals  around  40  possible  taxonomies 
which  are  currently  in  use  (Ref  5).  These  vary  from 
checklists  containing  more  than  7(X)  items  (Ref  6)  to  those 
containing  only  three  or  four  items  (eg  Ref  7).  One  of  the 
principal  problems  in  employing  an  example  of  the  former 
is  that  one  would  need  a  vast  database  of  accidents  to  be 
able  to  produce  any  meaningful  trends.  On  the  other  hand 
very  few  categories  would  appear  at  least  superficially  to 
offer  little  more  than  the  broad  classification  already 
available  in  Figure  3. 

Three  such  schemes  were  selected  for  initial  consideration 
(Refs  1,  2,  3).  Two  were  devised  by  practising  aircraft 
accident  investigators  (Refs  1  and  2)  and  therefore  owe  as 
much  lo  their  own  personal  experience  as  to  knowledge 
already  available  in  the  literature.  The  third  (Ref  3)  was 
developed  by  an  academic  intimately  involved  with 
developing  a  theoretical  basis  for  the  understanding  of 
human  error,  especially  as  it  applies  to  major  disasters. 
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The  principal  headings  lor  all  ihree  schemes  are  listed  in 
Annex  A. 

The  first  taxonomy  under  consideration  here  was  proposed 
by  Feggetter  (Ref  1),  (The  same  author  went  on  to  advance 
an  intelligent-system-based  approach,  but  this  will  not  be 
addressed  here  (Ref  8)).  There  are  two  principal  strengths 
of  Feggetter's  original  scheme.  The  first  is  that  it  adopts  a 
total  systems  approach'.  That  is  to  say  it  includes  such 
headings  as  life  stress'  events  and  personality  as  potential 
contributors  to  the  accident  milieu.  The  second  advantage 
is  that  Feggetter's  classification  is  linked  directly  to  her 
development  of  a  human  factors  checklist  which  she  recom¬ 
mends  lx;  employed  by  the  HF  accident  investigator  during 
ihc  inquiry,  thereby  ensuring  a  direct  link  between  'inform¬ 
ation  collected  and  the  categories  used  during  encoding 

The  second  classification  scheme  to  be  examined  was 
devised  by  Chappelow  (Ref  2)  and  was  based  on  the 
retrosjrcciive  analysis  of  a  corpus  of  149  HF 
invosligations  of  RAF  accidents,  the  majority  of  which  he 
had  earned  out  himself.  During  the  analysis  the  scheme 
evolved  in  something  of  an  iterative  fashion.  Although  it 
shares  a  number  of  items  with  Feggettei's  scheme,  t'^e 
principal  advantage  of  Chappelow's  coding  system  lies  in 
the  fact  thal  it  permits  a  hierarchy  of  atlrihution  levels. 
Fust,  there  are  predisposing  conditions,  labelled  'Aircrew 
Factors ,  some  of  which  may  be  unoer  the  control  of  the 
individual  while  others  may  not.  This  category  includes 
Items  such  as  personality  and  inexperience.  Next,  a 
number  of  items  arc  deemed  enabling  factors',  conditions 
whtch  make  it  all  too  er  for  errors  to  occur.  These  are 
labelled  'System  Factors'  and  include  ergonomics,  training, 
and  high  workload.  Finally,  those  enors  committed  in  the 
immediate  temporal  /one  of  the  accident  are  deemed  'Modes 
of  Failure'.  These  include  headings  such  as  cognitive 
faiUirc.  inappropriate  model  and  disorientation. 

fhe  third  classification  scheme  selected  for  consideration 
IS  tile  generic  cnor- mode  Ming  system  (GEMS)  developed 
by  Reason.  Although  versions  of  this  appear  in  earlier 
publications,  the  most  elaborate  exposition  is  given  in  his 
recent  book  (Ref  T).  This  scheme  is  an  example  of  the 
most  recent  theoretical  developments  within  the  field  of 
cognitive  psychology  by  someone  closely  associated  with 
investigating  human  error.  Acknowledging  a  debt  lo  the 
earlier  models  of  Ra.smu.ssen,  (Ref  9),  and  Rou.se.  (Ref  10), 
Reason  attempts  to  present  an  integrated  picture  of  the 
error  mechanisms  underlying  action  slips  or  lapses,  and 
mistakes  ie  rule-ba.sed  errors  and  knowledge- based  errors. 
GEMS  links  these  fundamental  error  types  to  the  levels  of 
performance  with  which  they  are  associated.  In  this  way. 
errors  arc  treated  as  a  namtal  component  of  human 
behaviour.  Thus  slips  and  lapses  arc  ao.tociatcd  with  skill- 
based  performance  were  typically  smooth,  automated  and 
routine  patterns  of  behaviour  fall  prey  to  fail  ires  of 
.  .tention.  Mistakes  on  the  other  hand  are  divided  into  rule- 
based  errors  and  knowledge-based  errors,  both  of  which  are 
seen  ax  the  product  of  problem-solving  activity.  In  the 
former,  matches  with  previous  familiar  patterns  are 
attempted.  In  the  latter  mistakes  arc  seen  as  the  product  of 
incomplete  knowledge  or  faulty  diagnostic  logic. 

}.  AIM 

The  aim  was  to  encode  a  corpus  of  HF  reports  according  to 


the  three  classification  schemes  selected  to  determine  their 
respective  utility.  The  criteria  employed  to  determine  this 
were  (i)  the  ease  of  the  encoding  operation,  (ii)  the  extent 
to  which  common  themes  were  uncovered  and 
understanding  advanced,  and  (iii)  the  degree  to  which  they 
indicated  remedial  action. 

4.  RESULTS 

The  exercise  proved  to  be  more  time-consuming  than 
anticipated.  To  date  around  half  of  the  accidents  held  in  the 
database  have  been  subjected  to  analysis.  Results  are 
therefore  preliminary. 

4.1  Accident  Breakdown 
Table  I  provides  a  basic  breakdown  of  the  25  accidents 
considered  lo  date.  Scrutiny  of  the  database  has  revealed 
lliat  those  identified  as  major  categories  are  the  same  as 
would  be  indicated  by  consideration  of  all  accidents  on 
record.  The  sample  can  theref  re  be  taken  being  fairly 
representative.  All  accidents  in  the  sample  except  for  one. 
involved  rotary  wing  aircraft;  all  refer  lo  daylight 
accidents;  and  b0%  involved  the  carriage  of  passe. igers. 
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16% 

Low  Level 

12% 

Approach 

5% 

Hover 

4% 

Landing 

36% 

Bv  Sortie  1  vne 

Air  Test 

8% 

Case  vac 

8% 

Exercise 

8% 

Familiarisation 

8% 

General  Handling 

8% 

Ground  Incident 

(not  included) 

Mountain  Flyin^j 

4% 

Training  (unspecified) 

24% 

Transit 
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12% 
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Environmental  Conditions 

Strong  Wind 

28% 

Overcast 

12% 
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4% 

Snowing 

12% 

Haze 

12% 

Table  1 ;  Basic  Accident  Breakdwn  for  the  Sample 
Examined 

As  can  be  seen  from  Table  1,  the  majority  of  accidents 
occur  during  phases  where  a  high  rate  of  information- 
processing  is  demanded  of  the  aircrew.  In  terms  of  sortie 
type,  training  flights  are  most  commonly  associated  with 
accidents,  closely  followed  by  transit  flights  and  troop 
insertions.  Strong  wind  is  cited  as  the  most  common 
environmental  correlate 
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4.2  The  Principal  HF  Categories 
The  human  factors  reports  for  the  25  A  AC  accidents  were 
coded  according  to  the  three  classification  schemes 
outlined  above.  The  principal  human  factors  which  wei** 
uncover  d  as  a  result  of  this  exercise  for  each  of  the 
classification  schemes  are  listed  in  Table  1.  The  figures 
refer  to  the  percentage  of  accidents  where  that  category  was 
cited.  Categories  are  not  mutually  exclusive. 
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60 
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52 
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Personality 

52 

Briefing 

Administ- 

48 

Overarousal 

44 

ration 

44 

Distraction 

36 

Reason 

Skill  based 

64 

Rule  based 

44 

Knowledge 

5ased 

40 

Table  2  The  Pnnapal  HF  Categories  Expressed  as  Percentages 
*or  each  Classilicatxjn  Scheme 


Most  accidents  revealed  several  human  factors  aspects  and 
some  revealed  up  to  twelve  contributory  factors.  To  some 
extent,  only  a  combination  of  all  classific  tion  schemes 
appeared  to  do  justice  to  some  of  the  accidents.  Clusters  do 
appear  to  occur  across  the  schemes.  Thus  the  inappropriate 
decision  category  in  Chappelow's  system  lends  to  be 
associated  with  the  decision  and  action  categories  in 
Feggeucr's  scheme,  and  the  knowledge  and  rule-based 
categories  of  Reason's  classification.  However  a  full 
examination  of  such  consideraiio  is  will  have  to  await 
coding  of  the  complete  daubase.  In  the  meantime  a  brief 
description  of  some  of  the  major  HF  categories  identified 
by  this  exercise,  with  illustrative  examples,  is  given 
below, 

4.2  1  Decision  Making 

There  appears  to  be  a  large  number  of  situations  where 
faulty  decision  making  was  involved.  These  also  tend  to 
be  associated  with  lack  of  airnianship  in  Chappelow's 
scheme  and/or  personality.  Example.^  of  these  would 
include  poor  choices  of  height,  .speed  and  route  for  tlie 
conduct  particular  manoeuvres;  decisions  to  press  on  with  a 
task  or  a  manoeuvrr  Icspite  contra-indications;  or  in  the 
c.ise  of  workshop  [k  .nnnel,  the  decision  to  cannibal  se 
pans  from  different  aircraft 

One  further  category  of  faulty  decision-making  lies  at  the 
core  ni  another  group  of  recent  accidents.  These  involve 
instructors  training  students  on  exercises  such  as  engine 
off  landings  (EOL),  a  'raclice  which  mvolves  very  small 
margins  for  enor.  Typically  training  and  inexperience  are 
also  cited  in  Lie,se  reports,  not  only  against  the  student, 
but  also  against  the  instructor  who  in  every  case,  had  only 
recently  qualified  as  instructor.  The  personality  of  the 


instructor  also  appe-.-s  to  be  important,  and  those  most 
vulnerable  uj  the  situation  are  those  described  as  '  .ery 
conscientious"  or  "keen  for  their  students  to  perform  well". 
Thus  the  naive  instructor,  anxious  for  his  student  to  get 
maximum  value  from  the  lesson,  fails  to  intervene  to  lake 
control  until  too  late  in  the  manoeuvre.  In  an  exercise  with 
small  margins  for  error,  this  degree  of  trust  is  clearly 
misplaced. 

Reason's  error  classification  shows  that  the  most  common 
error  committed  was  that  of  skil'  based  slips  and  that  more 
than  half  of  these  were  down  to  inattention.  However  it  is 
also  evident  that  z  large  number  of  faulty  decisions  v  ere 
due  lo  rule-based  mistakes.  These  were  more  often  due  to 
the  application  of  'bad  rules,  rather  than  the 
misapplication  of  good  rules  implicating  both  training 
deficiencies  and  disregard  for  regulations.  Fewer 
occurrences  of  knowledge-based  mistakes  were  judged  to 
have  been  found  in  the  accidents  i.e.  where  the  pilot 
engaged  in  slow  serial  problem  sol  .ng  activity. 

4.2.2  Personality 

The  infl'jence  of  personality  is  seen  as  very  strong  ar.d 
appears  in  both  Chappelow's  and  Feggeltei's  schemes. 
Where  the  scheme  permits  further  links  (Chappelow),  this 
shows  .t  has  also  been  associated  with  a  lack  of 
airmanship,  a  disregard  for  rules  and  problems  of  crew 
coordination  in  a  number  of  recent  accidents.  Personality 
features  both  in  accidents  where  the  evenl  is  linked 
strongly  to  an  individual's  cogniliv  :  style  and  in  accidents 
where  consideration  of  crew  composilion  was  imponanl  i.e 
(the  inleraclion  of  personalities),  A  number  of  recent 
accidents  have  revealed  difficulties  with  cockpit  authority 
gradient  (CAG).  in  contrast  to  more  typical  examples, 
these  have  re-euled  little  or  no  cockpit  authority  gradient. 
Probler  s  are  cicaied  where  both  aircrew  are  well-known  to 
each  other  and  of  comparable  flying  hours.  The  recipe  for 
uisaster  is  complete  if  a  I’orcel'ul  but  low-average  ability 
handling  pilot  is  paired  with  a  quiet,  non-asserlive  ai'crafl 
captain.  Tins  combination  of  circumstances  has  been 
associated  with  a  number  of  recent  accidents,  and  indicat,  .! 
that  despite  early  hopes  (Ref  4)  and  all  its  obvious 
benefits,  there  are  also  limitations  to  any  two-pilot 
system. 

4.2.3  I  raining 

Training  inadequacies  feature  prominently  in  both 
Feggeucr's  and  Ciiappelow  s  schemes.  .Such  deficiencies 
arc  al;w;  rellecled  in  Reason  s  taxonomy  as  rulc-ba.sed 
mistakes,  showing  up  both  as  the  misapplication  of 
appropriate  rules  and  the  applii  "  bad  rules.  As 

might  be  expected  a  number  of  „  inadequacies  are 

highlighted  in  accidents  with  student  pilots  where  their 
inexperience  has  been  exposed.  Other  examples  however 
include  a  group  of  accidents  involving  Lynx  aircraft  with 
high  all-up-miss  (AUM).  These  have  revealeo  that  many 
pilots  are  unfamiliar  with  the  handling  characteristics  of 
such  aircraft,  esj^iccially  when  flown  close  to  the  edge  of 
the  flight  envelope,  and  were  therefore  unable  to  calculate 
the  increased  margins  •’  ir  error  required. 

4.2.4  Briefing 

In  half  of  the  invesugaiions  w  here  bnefing  was  cited  as  a 
factor,  little  or  no  briefing  was  given  concerning  the 
details  oi  the  sortie.  This  was  typically  because  the  task 


was  so  familiar  that  detailed  briefing  was  deemed 
unnecessary.  In  many  cases  these  sorties  involved  the 
carrying  of  passengers,  often  on  familiarisation  flights, 
and  the  flight  merely  'evolved'  in  an  ad  hoc  fashion.  In 
around  a  third  of  the  accidents,  the  inadequate  briefing  was 
associated  with  time  pressures  and  insufficient  slots 
between  sorties.  Paradoxically  this  was  particularly  true  of 
training  sorties.  Here  instructors'  daily  workloads  were 
very  high  resulting  in  truncated  periods  for  briefing, 
debriefing  and  report  writing.  In  such  cases,  the 
administration  category  in  Chappelow's  classification 
scheme  would  also  be  implicated  to  indicate  the  system's 
contribution  to  the  problem.  For  most  of  the  remaining 
accidents,  briefing  was  simply  ambiguous  or  not 
sufficiently  detailed  to  cover  all  eventualities.  In  one  case, 
however,  a  briefing  order  suggested  that  a  familiarisation 
flight  should  be  injected  with  a  "degree  of  excitement", 
thereby  encouraging  a  particular  style  of  flying. 

4.2.5  Miscellaneous  Categories 
On  the  occasions  when  disorientation  was  mentioned, 
typically  it  was  cited  as  a  possible  contributory  factor,  and 
usually  in  response  to  something  else.  For  instance,  in 
one  case  it  was  suggested  it  may  have  occurred  as  a  result  of 
unexpected  handling  of  the  aircraft.  In  two  cases  it  was 
cited  as  possibly  following  a  steep  banking  turn,  while  in 
another,  whiteout  conditions  were  implicated. 

Overa.-ousal  features  prominently  amongst  Chappelow's 
modes  of  failure.  This  term  however,  which  refers  to  stress 
or  alarm  states,  tends  to  be  a  reaction  to  a  specific  situation 
developing  -  such  as  an  emergency  -  rather  than  occurring 
spontaneously. 

Finally  under  this  heading,  and  by  way  of  comparison,  it  is 
interesting  to  note  that  unlike  Chappelow's  RAF  database 
(Ref  2),  the  AAC  database  so  far  has  revealed  very  few 
accidents  associated  with  ergonomic  problems.  The  same 
is  also  true  for  cognitive  failure.  Whether  these  indicate 
major  differences  between  fast  jet  and  rotary  wing 
operations  will  have  to  await  further  study. 

5.  DISCUSSION 

The  corpus  of  HF  reports  on  the  AAC  accidents  examined 
for  this  review  has  revealed  a  number  of  recurrent  themes. 
These  are  represented  by  category  labels  such  as  inappro¬ 
priate  decision,  attention,  perception  training,  briefing, 
administration,  personality,  habits  and  lack  of 
airmanship. 

5.1  General  Comments 

It  is  not  an  easy  task  to  reduce  the  rich  narrative  of  an 
accident  report  with  many  layers  of  interacting  human 
factors  to  a  collection  of  ticked  boxes.  This  is  particularly 
true  of  accidents  which  are  the  product  of  a  complex  causal 
chain.  To  some  extent  all  coding  systems  will  involve  a 
degree  of  forced-choice  or  shoe-homing  operations.  How¬ 
ever  the  difficulty  of  this  task  was  underestimated,  and  this 
was  responsible  for  a  smaller  sample  of  accidents  being 
coded  than  originally  intended  in  this  initial  exercise. 

5.2  Comments  specific  to  the  coding  systems 
Feggetter's  classification  was  considered  to  be  compre¬ 
hensive.  giving  good  coverage  across  the  various  sub¬ 
systems.  The  provision  of  a  label  for  habit  was  particular¬ 


ly  appropriate  in  stressing  the  importance  of  oast  exper¬ 
ience  in  shaping  behaviour.  This  made  it  simple  both  to 
acknowledge  the  number  of  accidenis  where  task  demands 
were  underestimated  or  poorly  planned  because  they  were 
merely  routine,  and  to  note  occasions  where  acuons  were 
performed  out  of  habit  but  where  it  was  inappropriate  to  the 
situation.  On  the  downside,  the  vagueness  of  some  of  the 
terms  (eg  action)  led  to  coding  difficulties.  This  could  lead 
to  some  very  idiosyncratic  coding. 

Chappelow's  classification  is  also  a  blend  of  behaviourally 
descriptive  and  psychological  terms.  It  was  particularly 
easy  to  implement  because  its  hierarchical  nature  permits 
levels  of  attribution.  Furthermore,  it  is  capable  of 
implicating  both  the  aircrew  and  the  system  in  which  they 
operate.  It  could  benefit  from  the  addition  of  some 
headings,  (e.g  mis-  handling,  inappropriate  technique)  and 
although  devised  to  cover  aircrew  probably  be  extended  to 
cover  the  servicing  errors  of  workshop  personnel.  These 
however  would  be  minor  modifications. 

Reason's  GEMS  framework  is  a  compelling  categorisation 
of  the  types  of  error  committed  and  the  cognitive 
performance  with  which  it  is  associated.  Not  only  that  but 
it  treats  errors  as  a  'normal'  by-product  of  cognitive 
functioning.  Where  it  was  successful  it  greatly  assisted 
understanding.  However  it  was  not  easy  to  employ  as  a 
classification  scheme,  at  least  partly  because  the 
reductionism  required  in  the  encoding  operations  seem.ed  to 
do  little  justice  to  the  richness  of  the  details  listed  in  the 
investigations.  For  instance  some  actions  were  very 
difficult  to  code  because  they  appeared  to  be  composites  of 
several  categories.  There  were  also  grey  areas  when  it  was 
difficult  to  choose  between  one  category  and  another. 
Disenungling  accidents  with  complicated  temporal  and 
causal  pathways  was  particularly  difficult.  Also  a  very 
large  number  of  different  pre-conditions  can  give  rise  to 
slips  and  lapses  (a  many-to-one  mapping).  The  knowledge 
that  a  great  many  accidents  are  down  to  skill-based  errors  is 
too  general  to  indicate  specific  areas  for  remedial  action. 

This  brief  examination  of  Reason's  approach  does  not  do 
justice  to  his  work.  For  instance  he  has  been  at  pains  for 
some  considerable  time  to  implicate  management  and 
organisational  aspects  in  the  preparation  of  fertile  ground 
for  accidents  i.e.  accidenis  waiting  for  some  'trigger' 
mechanism.  However  even  he  has  acknowledged  that  his 
'latent  pathogens'  metaphor,  despite  having  "a  number  of 
attractive  features",  is  still  "far  from  being  a  workable 
theory"  because  of  its  vagueness  (Ref  3,  p  198).  We  must 
therefore  await  its  development  before  the  structure  can  be 
considered  complete.  Until  that  is  achieved,  a  simple 
listing  of  enabling  circumstances  such  as  that  offered  by 
Chappelow  may  be  more  practicable. 

6.  CONCLUSIONS 

One  limitation  of  the  exercise  is  the  relatively  small 
daubase  of  accidenis  used  for  evaluation  to  date.  Yet 
another  limiution  is  the  lack  of  adequate  control  data,  or 
even  the  knowledge  of  what  might  constitute  such 
controls.  Despite  these  shortcomings,  the  exercise  has 
yielded  a  number  of  common  category  groupings  and  in 
doing  so  it  has  also  indicated  areas  where  remedial  action 
can  be  applied. 


Although  all  three  taxonomies  employed  in  this  study 
proved  useful  in  classifying  the  data,  the  one  which  was 
both  easier  to  employ  and  the  most  practical  in  terms  of 
imposing  structure  on  the  investigations  was  ihat  devised 
by  Chappelow. 

Aviation  represents  a  dangerous  environment.  It  might  be 
argued  that  the  elimination  of  errors  is  not  possible. 
Consultation  of  Figure  1  might  even  reinforce  this  view  by 
suggesting  that  the  asymptote  has  been  reached  and  that  no 
further  improvement  is  possible.  However  the  categories 
of  error  appear  to  change  subtly  over  time.  That  fact,  and 
the  precise  identification  of  the  most  current  trends  as 
attempted  here  (eg  training  deficiencies,  changes  in  crew 
composition)  argues  strongly  against  such  a  negative 
view. 

Future  work  will  require  to  continue  this  exercise  for  larger 
samples  to  ensure  that  the  relatively  small  number 
accomplished  here  has  not  biased  the  results  unduly.  It 
may  also  be  necessary  to  test  a  sample  of  accidents  and 
preferred  classification  schemes  against  a  panel  of  judges 
to  assess  inter-rater  reliability.  Lastly,  once  there  is  more 
general  agreement  about  the  schemc(s)  to  employ  and  the 
precise  information  which  should  be  collected  from  each 
investigation  to  satisfy  this  need,  then  larger  trans-service 
and  transnational  databases  might  be  feasible. 
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ANNEX  A.  The  Three  Classification  Schemes  Employed 


COGNTTIVE  SYSTEM 

SrrUATIONAL  SYSTEM 

Human  Info  Processing 

Physical 

Sensory 

Physical  stress 

Perception 

Physical  condition 

Attention 

Nutrition 

Memory 

Drugs 

Decision 

Smoking 

Action 

Alcohol 

Monitoring 

Fatigue 

Feedback 

Visual  Illusions 

Sleep  loss 

False  Hypothesis 

Environmental  Stress 

Habits 

Attitude 

Motivation 

Speed  and  motion 

Training 

Visual 

Personality 

Glare 

Fear 

Disorientation 

Temperature 

Lighting 

SOCIAL  SYSTEM 

Noise 

Social  pressure 

Role 

Vibration 

Life  stress 

Ergonomic  Aspects 

Controls 

Displays 

Seating 

Presentation  of  info 
Emergencies 

after  Feggetter  (1982) 

AIRCREW 

SYSTEM 

MODES  OF  FAILURE 

FACTORS 

FACTORS 

Alcohol 

A/C  handling 

Cognitive  fail-wrong 

Disregard  for  rules 

Erg  -  Displays 

Cognitive  fail- 

Excess  of  zeal 

Errors  in  Auto 

omission 

Fatigue 

system 

Disorientation 

Hypoglycaemia 

Noise 

Distraction 

Inexperience 

Comms 

‘Giant  hand' 

Joie  de  Vol 

Op.  pressure 

Inapprop.  decision 

Lack  of  airmanship  Time  pressure 

Inapprop.  model 

Lack  of  talent 

Training 

Overarousal 

Life  stress 

Briefing 

Slow  response 

Low  morale 

Admin 

Stress 

Personality 

Physiol,  stress  Unawareness 

QFIA3FI 

High  workload 

Vis.  illusion 

Sensory  limits 

Under  fire 

Social  factors 

Crew  Co-ord 

Underarousal 

after  Chappelow  (1989) 

SKILL-BASED  RULE-BASED  KNOWLEDGE-BASED 
Inattention  Misapplic.  good  Selectivity 
Over  attention  rules  Workspace  Limitations 

Applic.  bad  rules  Out  of  sight  and  mind 
Confirmation  Bias 
Over  confidence 
Biased  review 
Illusory  correlation 
Halo  effects 
Probs  with  causality 
Probs  with 
complexity 

After  Reason  ( 1990) 
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1.  SUMMARY 

Any  training  system  contains  information  on  the  past 
and  current  performance  of  its  students.  However 
such  systems  may  also  hold  predictors  capable  of 
estimating  the  potential  of  a  student. 

Failures  that  occur  late  during  a  course  result  in 
wasted  costs,  time  and  places,  and  also  student  career 
discontent.  Therefore  identifying  the  earliest 
indicators  of  failure  is  of  primary  importance  to  the 
operation  of  an  efficient  system. 

Research  directed  at  uncovering  these  involves  the 
identification  of  relevant  behaviours;  classification  of 
the  students'  behaviours  in  real  life  situations;  coding 
the  classifications  to  form  data  points;  and  the 
application  of  analytic  techniques  to  produce 
predictive  models  of  behaviour. 

The  major  emphasis  of  this  paper  is  to  describe 
attempts  to  define  statistically  derived  criteria  for 
success  and  failure  in  an  existing  flying  training 
system. 

It  is  argued  that  the  introduction  of  more  objective 
techniques  such  as  those  described  here  may  not  only 
make  the  training  system  more  efficient  but  may  also 
reduce  flight  safety  risks. 

2.  INTRODUCTION 

With  respect  to  flight  safety  and  accident  prevention, 
changes  in  legislation  arise  as  a  result  of  individual 
accidents  or  groups  of  incidents.  The  method  follows 
a  lessons  learned  approach  and  therefore  relies  heavily 
on  a  'post  hoc'  rationalisation  of  the  relationship  of 
causal  factors. 

In  this  field,  ethical  and  financial  problems  prevent 
the  adoption  of  an  experimental  approach  in 
establishing  causal  relationships  between  activity  and 
consequence.  It  is  therefore  vital  to  establish  a  method 
that  is  non-interventionist  yet  does  not  wait  for  the. 


thankfully,  limited  number  of  accidents  to  occur. 

From  the  possible  set  of  non-intrusive  investigative 
techniques  one  appropriate  method  is  to  perform  an 
applied  psychological  assessment  of  aspects  of  an 
entire  system  and  then  extract  early  occurrences  of 
behaviours  deemed  to  be  inappropriate.  Accident 
analysis  may  only  reveal  the  linking  of  a  particular 
subset  of  behaviours  that  correspond  to  each  accident: 
trends  can  be  detected,  but  only  after  large  sample 
sizes  are  examined.  These  are  not  always  available.  A 
systems  approach  will  allow  a  larger  set  of  error 
categorisation  to  be  constructed.  Granted  it  may 
elucidate  more  categories  of  potential  accident 
behaviour  than  are  represented  by  an  accident 
analysis,  but  with  an  accident  only  being  the  end 
product  of  a  particular  set  of  factors,  each  category 
has  potential  to  be  part  of  any  accident.  Rasmussen 
describes  errors  as  instances  of  man-machine 
mismatches  caused  by  variability  on  the  part  of  the 
system  or  man. 

‘The  interaction  can  be  seen  as  a  complex,  multidimensional 
demand/resource  Jit.  To  discuss  the  misjits  and  evaluate  means  for 
improvement,  it  is  more  imponam  to  find  the  rutture  or  dimensions 
of  the  misjits  than  to  identify  their  causes.  In  other  words,  it  is 
necessary  to  Jind  what  went  wrong  rather  than  why,  i.e.  to  identify 
potential  conJUcts,  rather  than  their  predecessors  in  the  course  of 
events.  ” 

(Rasmussen  1987  p25) 

Any  organisation  will  necessarily  contain  vast 
amounts  of  information  on  both  individual  and  group 
performances,  some  of  which  will  be  explicit  and 
some  implicit.  This  information  is  of  varying  utility 
from  the  accident  prevention  viewpoint.  Investigation, 
however,  can  be  focused  on  areas  of  performance 
weakness  identified  by  subject  matter  experts 
operating  within  the  system. 

This  paper  presents  some  methodological 
considerations  and  findings  from  one  of  the 
components  of  a  large  scale  investigative  analysis  of 
helicopter  pilot  selection,  training,  operations,  and 
accidents.  (Ref  2.) 


2.1.  DESCRIPTION  OF  THE  SYSTEM  UNDER 
STUDY 

Figure  1  depicts  a  schematised  outline  of  the  stages  of 
development  of  a  UK  army  helicopter  pilot  from 
selection  to  on-line  operational  roles. 

Figure  1.  The  Stages  of  Development  of  an  Army 


Helicopter  Pilot. 


Once  a  candidate  has  been  awarded  a  place  on  an 
Army  Pilots'  Course  (APC)  the  student  will  go 
through  a  three  stage  training  course  lasting  nine 
months.  The  first  stage  of  the  APC  is  on  fixed  wing 
Chipmunk  aircraft  and  covers  30  hours  basic  flying 
instruction  (Basic  Fixed  Wing  -  BFW).  Next  is  the 
first  of  two  rotary  wing  stages  consisting  of  SO  hours 
elementary  flying  on  Gazelles  (Basic  Rotary  Wing  - 
BRW).  The  third  stage  covers  70  hours  advanced 
flying  and  tactical  awareness  training  where  the 
student  is  introduced  to  the  applied  skills  required  for 
operational  flying  (Advanced  Rotary  Wing  -  ARW). 
At  the  end  of  the  course  the  student  will  graduate  as  a 
pilot  and  will  be  posted  to  an  operational  unit  as  a 
second  pilot. 

2.2.  STUDENT  PILOT  ASSESSMENT  SYSTEM 

While  under  instruction  a  student  is  rated  during  each 
training  sortie  on  a  series  of  21  'Basic  Abilities'  (BAs) 
listed  in  Table  1.  For  each  of  the  Basic  Abilities  a 
student  will  be  awarded  one  of  four  marks  •  blue  for 
above  average  performance,  green  for  average,  brown 
for  below  average  performance  and  red  for  a  fiilure. 


For  this  investigation  red  and  brown  marks  were  taken 
as  'error  ratings'.  These  same  21  BAs  are  used 
throughout  the  three  training  phases.  An  instructor  or 
course  manager  can  assess  a  student's  progress  by 
inspecting  the  sortie  summary  sheets  visually.  The 
numbers  and  locations  of  the  different  colour  codes 
give  the  instructor  indications  of  performance  trends 
and  consistencies  in  the  student. 

Table  1.  List  of  Basic  Abilities  (BAs). _ 

1  LOOKOUT  11  ACCURAa 

2.  RADIO/TELEPHONE  12.  CAPTAINCY 

3.  DIVISION  OF  ATTENTION  13.  CHECKS 

4  ATTITUDE  14.  PUNNING 

5.  FlEXIBILITY  15.  BRIEFING 

6.  STABIUTY  16.  CREW  COOPERATION 

7.  ANTICIPATION  17  COCKPIT  MANAGEMENT 

8.  RECALL  18.  AWARENESS 

9  RULE  FOLLOWING  19.  VISUAUSATION 

10.  OBSERVATION  OF  20  COORDINATION 

AlRCRAn  UMITATIONS  21.  CONTROL  ACTION 


Although  not  mutually  exclusive  in  nature,  the  BAs 
do  fall  into  four  rough  categories.  These  correspond 
to  psychomotor,  cognitive,  personality  and  procedural 
and  are  listed  below; 

PSYCHOMOTOR  1 1  -  Accuracy 

20  -  Coordinalion 

21  -  Control  Action 

COGNITIVE  3  -  Division  of  Attention 

7  -  Anticipation 

8  -  Recall 

1 8  -  Awareness 

19  -  Visualisation 

POtSONALITY  4  -  Attitude 

5  -  Flexibility 

6  -  Stability 

1 2  -  Captaincy 

16  -  Crew  Cooperation 

PROCEDURAL  1  -  Lookout 

2-R/T 

9  -  Rule  Following 

10  -  Obs.  of  A/C  Limits 

13  -  Checks 

14  -  Planning 

15  -  Briefing 

1 7  -  Cockpit  Management 

However,  despite  there  being  a  standardised  format 
for  rating  students,  there  is  no  measure  of  how  a 
particular  student  compares  with  other  studmts,  or 
how  the  student  is  performing  relative  to  an  'average 
student'. 
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In  order  to  compare  two  students,  or  one  student  to 
the  norm  ,  arguably  it  would  be  necessary  to  adopt  a 
form  of  assessment  which  is  more  rigorous  than  visual 
inspection. 

3.  METHOD 

3.1.  QUANTIFICATION  OF  ASSESSMENTS 

A  sample  of  1 84  student  flying  training  folders  was 
examined  for  this  study  -  100  pass  students  and  84 
students  who  failed  the  course. 

Conversion  of  the  colour  codings  into  a  numeric 
system  allows  the  computation  of  a  common 
denominator  by  which  student  records  all  can  be 
compared.  (Fail  students  are  withdrawn  from  a  phase 
prior  to  completion  therefore  will  not  have  completed 
the  same  number  of  sorties  as  the  student  who 
completes  the  entire  phase;  therefore  a  similar  unit  of 
measurement  is  needed  to  express  the  levels  of  marks 
awarded.)  The  number  of  red  and  brown  marks 
awarded,  expressed  as  a  percentage  of  total  grades 
awarded  per  student  per  phase,  were  used  as  data 
points  for  constructing  the  data  set. 

3.2.  PROFILE  PRODUCTION 

These  percentages  per  BA  per  student  per  training 
phase  can  be  used  to  produce  an  Error  Rating  Profile' 
(ERP).  An  ERP  can  be  produced  for  an  individual 
student,  and  also  compiled  into  an  averaged  profile 
for  an  entire  set  of  students.  The  closeness  of  fit  of  an 
individual  student  to  that  of  a  group  of  students  can  be 
now  be  represented  graphically  by  overlaying  the 
profile  of  the  student  with  the  profile  of  the  average 
student. 


Attention  and  Anticipation)  while  the  Basic  Fixed  and 
Basic  Rotary  Wing  students  make  errors  on  the 
psychomotor  aspects  of  flying  -  i.e.  those  involved  in 
controlling  the  aircraft  (e.g.  Accuracy,  Coordination 
and  Control  Action). 

Figures  3,  4  and  S  show  the  three  phases  of  training 
with  the  sample  separated  into  average  pass  and  fail 
students.  These  figures  clearly  demonstrate  that  each 
phase  has  different  profiles  for  the  pass  and  fail 
groups;  the  profiles  being  both  different  in  form  and 
magnitude. 

Figures  6  and  7  show  profiles  for  the  BFW  and  BRW 
training  phases.  From  these  it  is  clear  that  students 
who  fail  the  course  at  a  later  stage  exhibit  a  more 
exaggerated  ERP  during  these  early  phases  than  those 
who  go  on  to  pass  the  course.  However,  their  ERP  is 
not  as  extreme  as  those  who  fail  during  the  early 
phases.  By  offering  early  indications  of  course  results, 
the  ERPs  appear  to  be  capable  of  discriminating 
between  successful  and  unsuccessful  students. 

4.1.  STATISTICAL  ANALYSIS 

To  test  the  validity  of  discriminating  by  ERP 
matching  it  is  necessary  to  ensure  that  the  pass  and 
fail  ERPs  are  in  fact  independent.  Analysis  of 
variance  tests  showed  that  the  three  phases  have 
different  ERPs  (PHASE:  F  =  35.761  df=2,8499 
p<0.(X)l  and  BA:  F=65.847  df=  20,8499  p<0.001) 
but  more  importantly,  each  phase  has  an  ERP  for  pass 
students  that  is  different  from  the  fail  students.  Table 
2  summarises  these  results. 

The  significant  ANOVAs  show  that  there  are 
differences  of  form  and  magnitude  between  the 
pass/fail  groups  with  respect  to  the  ERPs. 


The  data  from  the  training  records  of  previous 
students  who  passed  or  failed  the  training  course  were 
compiled  and  averaged  to  produce  an  ERP  for  each 
category.  Any  current  student  can  then  be  compared 
with  these  two  reference  ERPs  to  give  an  indication  of 
relative  performance  to  each  of  the  pass  and  fail 
groups. 

4.  RESULTS 

Figure  2  shows  the  ERPs  for  the  three  phases  of 
training.  It  can  be  seen  that  the  three  profiles  are 
similar  in  form  and  magnitude.  However  there  are 
also  some  subtle  differences  in  some  of  the  types  of 
errors  made  which  relate  to  the  specific  phases  of 
training.  For  instance  the  Advanced  Rotary  Wing 
(ARW)  students  have  a  tendency  to  make  errors  on 
the  more  cognitive  BAs  (e.g.  Awareness,  Division  of 


Table  2.  Two  way  ANOVAs  of  Pass/Fail  by  Basic 
_ Ability  for  each  APC  phase _ 


BFW: 

PASS/FAIL 

BA 

F= 763 .459 
F=  16.075 

df=l,3081  p<0.001 
df=20,3081  p<0.001 

PASS/FAIL  X  BA 

F=9.239 

df=20,3081  p<0.001 

BRW: 

PASS/FAIL 

BA 

O 

II 

U.  U. 

df=  1,2814  p <0.001 
df=  20,2814  p  <0.001 

PASS/FAIL  X  BA 

F=  16.771 

df= 20,2841  p<  0.001 

ARW: 

PASS/FAIL 

BA 

F=  1032.58 
F-64.529 

df=  1,2541  p<  0.001 
df=20.2541  p<0.001 

PASS/FAIL  X  BA 

F=  13.045 

df=20,2541  p<0.001 

Ferccniago  of  Crror  Scores  Percentage  ot  Error  Scores 


56-5 


4.2.  multivariate  ANALYSIS 

To  find  out  just  how  the  groups  differ  with  respect  to 
the  ERPs,  the  relationship  between  the  BAs  and 
pass/fail  criteria  was  examined  more  rigorously  for 
each  phase.  Discriminant  Function  Analysis  (DFA)  is 
a  technique  for  establishing  which  variables  are 
useful  predictors  for  the  statistical  differentiation  of 
groups  of  students.  A  model  (predictive  equation)  was 
constructed  which  assigns  probabilities  to  group 
membership  according  to  scores  on  important 
predictive  Basic  Abilities.  Therefore,  as  a  student 
progresses  through  the  training  course  it  is  possible  to 
produce  the  probabilities  of  the  student  being  in  the 
pass  and  the  fail  groups.  As  this  can  be  computed  at 
various  critical  stages,  such  as  fortnightly  progress 
reviews  and  handling  tests,  it  would  give  instructors 
and  course  managers  early  indications  of  eventual 
group  membership. 

Tables  3  to  S  plot  the  classification  results  from  the 
three  phases  of  the  APC.  The  levels  of  Type  I  and  II 
errors  can  be  seen  to  be  low,  while  correct  acceptance 
and  rejection  levels  are  high,  thereby  giving 
indications  of  a  highly  predictive  model.  Only  half  of 
the  set  of  student  records  was  used  in  constructing  the 
models.  Following  conventional  procedures  with  such 
exercises,  the  remaining  half  was  used  for  internal 
validation  to  test  the  predictive  robustness.  As  can  be 
seen,  the  classification  rates  never  drop  below  80%  in 
the  validation  groups. 


Table  3.  BASIC  FtXED  wing  -  classification  tables 
FOR  MODEL  BUILDING  AND  VALIDATION 
GROUPS 


PREDICTED  GROUP  MEMBERSHIP 


ACTUAL 

GROUP 

MEMBERSHIP 


FAIL 

PASS 


FAIL 

PASS 

8 

0 

(100%) 

(0%) 

1 

71 

(2%) 

(98%) 

MODEL  BUILDING  GROUP 

Test  sample  n=80 
%  of  cases  correctly  classified  =  99 


ACTUAL 

GROUP 

MEMBERSHIP 


PREDICTED  GROUP  MEMBERSHIP 


FAIL 


PASS 


FAIL 

PASS 

6 

1 

(86%) 

(14%) 

6 

64 

(9%) 

(91%) 

VALIDATION  GROUP 

Test  sample  n=77 
%  of  cases  correctly  classified  =  91 


Table  4.  BASIC  ROTARY  WING  -  CLASSIFICATION 
TABLES  FOR  MODEL  BUILDING  AND 
_ VALIDATION  GROUPS _ 

PREDICTED  GROUP  MEMBERSHIP 


FAIL 


PASS 

MODEL  BUILDING  GROUP 

Teal  sample  n=71 
%  of  cases  correctly  classified  =  97 

PREDICTED  GROUP  MEMBERSHIP 


FAE. 


PASS 


Test  sample  n^T? 
%  of  cases  correctly  classified  ^  87 


FAIL  PASS 


16 

(94%) 

1 

(6%) 

9 

(15%) 

51 

(85%) 

VALIDATION  GROUP 


ACTUAL 

GROUP 

MEMBERSHIP 


ACTUAL 

GROUP 

MEMBERSHIP 


FAIL  PASS 


13 

(93%) 

1 

(7%) 

I 

(2%) 

56 

(98%) 
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Table  5.  advanced  rotary  wing  -  classification 

TABLES  FOR  MODEL  BUILDING  AND 
VALIDATION  GROUPS 


ACTUAL 

GROUP 

MEMBERSHIP 


PREDICTED  GROUP  MEMBERSHIP 


ACTUAL 

GROUP 

MEMBERSHIP 


FAIL 


PASS 


FAIL 

PASS 

11 

0 

(100%) 

(0%) 

4 

46 

(8%) 

(92%) 

MODEL  BUILDING  GROUP 
Test  sample  n— 61 
%  of  cases  correctly  classified  =  93 


PREDICTED  GROUP  MEMBERSHIP 


FAIL 


PASS 


FAIL 

PASS 

9 

3 

(75%) 

(25%) 

7 

43 

(14%) 

(86%) 

validation  group 

Test  sample  n=62 
)  of  cases  correctly  classified  =  84 


The  models  that  were  created  using  the  DFA 
technique  and  again  highlighted  the  important 
differences  between  the  pass  and  fail  students.  Table 
6  presents  these  important  predictive  variables  for 
each  of  the  three  phases  of  training. 


Table  6.  Predictive  variables  for  each  APC  phase. 


BFW 

PSVCHOMOTOR 

Control  Action 

CoofdiiMtion 

Accuncy 

COGNmVE 

Dtvwtonof  Attention 

Aotkipetion 

VinaliMlkn 

PERSONALmr 

Subility 

Flexibility 

Attitude 

PROCEDURAL 

Rrr 

BRW 

PSYCHOMOTOR 

Coordimtion 

cocsmvE 

Recell 

Aweicneee 

PERSONAUTY 

Altitude 

Fkoibility 

ARW 

PSYCHOMOTOR 

III 

<  CJ  CJ 

COGNmVE 

Dtvttion  of  Attention 

Aatici^tioo 

AMfcneee 

PERSONALfry 

CapUmQr 

Attitude 

Flexibility 

PROCEDURAL 

LooIbmI 

R/T 

Rule  Folloeviof 

Ofae.  of  A/C  Limiu 

Plenmng 

Cockpit  Menefemcw 

It  can  be  seen  from  the  predictive  variables  that  the 
skills  where  students  are  noted  to  make  the  most 
errors  are  related  to  the  specific  phases  of  training. 
For  example,  the  ARW  students  can  be  differentiated 
by  the  mista<es  they  make  on  almost  all  of  the  BAs, 
whereas  the  first  two  phases  of  training  do  not  have 
the  same  quantity  of  predictive  variables.  This  gives 
the  indication  that  student  performance  degrades  in  a 
global  fashion  under  the  high  workload  advanced 
training  but  specific  qualities  degrade  under  basic 
training. 


5.  DISCUSSION 

5.1  SUMMARY  OF  APPROACHES 

The  consequences  of  each  outcome  decision  can  be  far 
reaching.  In  this  case  a  Type  1  error  (accepting  a  false 
hypothesis)  would  mean  pushing  a  student  through  the 
course  who  would  otherwise  have  failed.  Such  a 
student  would  be  a  flight  safety  risk  when  the  student 
goes  on  to  an  operational  unit.  A  Type  II  error 
(rejecting  a  true  hypothesis)  would  mean  failing  a 
student  who  would  otherwise  have  passed  the  course, 
thereby  constituting  a  waste  of  resources  and  risking 
career  discontent  for  the  student.  When  assigning  a 
student  to  a  particular  group  by  any  of  the  methods 
described  in  this  paper,  the  resfiective  consequences  of 
the  two  error  types  will  weigh  heavily  on  the 
instructor's  mind.  The  more  information  there  is  to 
hand,  the  less  likely  the  instructor  is  to  make  an 
erroneous  decision. 
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By  overlaying  the  profiles  it  is  possible  to  assess 
subjectively  the  similarity  of  a  student's  performance 
to  that  of  the  average  pass  or  fail  student. 
Alternatively  we  can  mathematically  predict  the 
similarity  of  each  of  the  groups.  This  technique, 
therefore,  establishes  a  testable  model  of  behaviour 
assessment  -  a  ' mathematical'  method  of  proactive 
monitoring.  This  can  be  used  in  conjunction  with  the 
psychological  technique  of  profile  matching,  the 
traditional  method  of  visually  inspecting  the  sortie 
summary  sheets,  and  the  subjective  impression  of  the 
instructor. 

It  is  proposed  that  the  eventiuil  role  for  these  models 
and  techniques  lies  in  aiding  instructors  and  course 
organisers  in  their  outcome  decision  judgements.  The 
current  state  of  flux  in  curricula  and  manning 
requirements  implies  that  each  of  the  techniques 
described  could  only  offer  subsidiary  information  in 
management  decisions  on  students.  However  despite 
this  limitation,  it  does  offer  a  more  objective 
assessment  of  students  employing  the  same  criteria 
that  instructors  use,  and  can  also  act  as  definitive 
references  for  new  instructors. 

5.2.  VALIDATION  EXERCISES 

External  validation  exercises  are  planned  to  test  fully 
the  efficiency  of  these  models  and  techniques.  The 
three  main  areas  being  researched  are: 

1 .  Investigation  of  why  certain  basic  abilities  are 
predictive  in  each  phase. 

2.  Prediction  of  outcome  for  students  who  are 
training  using  the  various  proposed  techniques.  This 
will  take  a  longitudinal  perspective  on  validation  as 
modifications  can  be  made  to  the  models  to  reflect 
changes  to  the  training  system. 

3.  Concurrent  feedback  on  on-line  predictions 
from  instructors  in  an  attempt  to  fine-tune  the  models. 
By  offering  extra  information  not  included  in  the 
written  assessment  system  it  may  be  possible  to  define 
more  fully  the  important  predictors  that  are  being  used 
to  make  the  outcome  decision. 

It  is  envisaged  that  the  validation  exercises  will  prove 
the  final  utility  of  the  approach  from  subjective  and 
objective  standpoints.  Statistical  purity  and  accentance 
of  this  additional  source  of  information  by  the 
instructors  will  be  the  aims  of  the  validation  exercises. 


5.3.  LIMITATIONS  OF  THIS  APPROACH 

Attempts  to  produce  a  robust  probabilistic  model  of 
this  kind  using  this  type  of  data  will  be  subject  to 
methodological  shortfalls.  These  limitations  have  to 
be  borne  in  mind  when  trying  to  assess  the  TRUE 
potential  of  the  different  methods  in  predicting  course 
outcome.  A  number  of  these  are  outlined  below. 

5.3.1.  Subjectivity 

The  assessment  of  pilots  throughout  all  branches  of 
aviation  contains  a  largely  subjective  conqx>nent. 
Flying  time  and  instructional  charges  are  expensive. 
Great  emphasis,  therefore,  is  placed  on  the  experirace 
of  the  instructor.  Even  when  the  results  of  this 
subjectively  operated  'objective'  system  are  subjected 
to  analysis  we  cannot  remove  these  individual 
differences.  The  exact  meanings  of  these  Basic 
Abilities  and  the  rating  scheme  may  be  being  used 
very  idiosyncratically.  However,  when  the  data  set 
was  compiled  using  the  instructors  as  subjects  for 
profile  production  (i.e.  a  profile  of  red  and  brown 
rating  percentages  per  BA  for  each  instructor  across 
all  of  his  students)  very  encouraging  results  emerged. 
The  ERPs  indicated  how  similar  the  instructors  were 
in  their  usage  of  these  BAs.  Future  research  is  aimed 
at  clariiying  some  of  these  issues  both  for  a  better 
understanding  of  the  current  assessment  system  and 
also  as  a  means  of  carrying  out  the  necessary 
groundwork  for  any  new  assessment  system. 

5.3.2.  Circularity 

The  same  instructors  grade  candidates,  train  and  mark 
them  as  students  and  also  contribute  towards  the  final 
outcome  decision  of  the  course.  There  are  procedures 
for  attempting  to  standardise  the  instructors'  working 
routines,  but  by  the  very  nature  of  flying,  there  are 
many  unaccountable  intervening  variables. 

An  instructor  may  only  be  examining  certain  sets  of 
BAs  in  each  phase,  therefore  the  predictive/high 
peaked  ERP  BAs  may  be  limited  to  that  specific 
phase. 

5.3.3.  Efficacy 

The  21  Basic  Abilities  may  not  be  the  best  measures 
for  producing  pass/fail  criteria.  Principle  Component 
Analysis  results  show  that  there  may  be  fewer  critical 
variables  than  the  scheme  suggests  (Ref.  2).  A  more 
succinct  assessment  system  may  be  operating  in  the 
minds  of  the  instructors.  The  outcome  of  the  course 
may  be  a  product  of  other  factors  that  are  unrelated  to 
the  assessment  system  as  it  appears  in  the  analysis.  As 
yet  undefined  qualities  may  be  being  used  to  appraise 
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students.  These  would  bias  the  outcome  criteria  away 
from  the  Basic  Abilities  and  cause  an  artificial 
lowering  of  the  correlations  of  the  Basic  Abilities  with 
the  outcome  performance. 

5.3.4.  Outcome  equivalence 

Unequal  opportunities  are  given  to  some  students 
within  a  course  as  review  action  and  re-coursing  are 
available  to  the  less  able  students.  (Students  who 
demonstrate  weakness  at  particular  skills  can  be  given 
extra  tuition  to  bring  performance  to  the  same  level  as 
the  other  students  on  the  course.  This  is  called  review 
action.)  Again  this  lowers  the  correlation  coefficients 
between  assessments  and  outcome. 

Changes  to  the  syllabus  occur  from  time  to  time  as  the 
requirements  change  due  to  new  equipment  and 
procedures  being  introduced.  These  have  to  be 
reflected  in  the  training  course,  and  hence  also  have 
undesirable  effects  on  the  consistency  of  the  outcome 
decisions. 

5.4.  COUNTERMEASURES 

There  are  several  methods  by  which  the  effects  of  the 
above  limitations  can  be  reduced.  The  major  ones  are 
listed  below: 

(i)  Checking  the  statistical  validity  of  models  by 
examining  the  amounts  of  variance  accounted  for. 

(ii)  Employing  large  sample  sizes  from  a  short  stable 
training  period. 

(iii)  Conducting  internal  validation  and  checking. 

(iv)  Investigating  the  assessment  system  with  respect 
to  understanding  how  it  works  and  what  relationship 
these  results  have  to  other  findings. 

(v)  Instigating  a  rigorous  set  of  trials  and  follow  up 
studies. 

Work  is  currently  being  undertaken  on  the  assessment 
system  prior  to  a  large  scale  validation. 

6.  CONCLUSION 

The  assessment  system  operating  during  the  training 
of  UK  Army  Helicopter  pilots  has  a  large  subjective 
con^mnent.  There  are  important  consequences  of 
making  an  erroneous  outcome  decision.  The  more 
information  that  an  assessor  or  course  organiser  has 
when  making  that  outcome  decision  the  less  chance 
there  is  of  nwking  the  wrong  decision. 


This  paper  has  presented  some  standardised  pictorial 
and  numeric  aides  for  the  course  organiser  based  on 
the  instructors'  own  perceptions  of  the  rating  system 
and  existing  course  data.  The  results  obtained  thus  far 
are  encouraging,  and  it  has  further  exemplified  the 
ability  of  statistical  techniques  to  be  employed  in 
reducing  flight  safety  risks. 
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SUMMARY 

Spatial  Disorientation  (SD)  is  a  leading  human-factors  cause  of  class 
A  mishaps  in  all  branches  of  the  ’J.S.  Armed  Forces.  Recently, 
several  pilots  who  performed  well  under  most  flight  conditions  were 
referred  to  the  Naval  Aerospace  Medical  Research  Laboratory 
(NAMRL)  because  of  inability  to  fly  under  specific  conditions 
conducive  to  SD.  Most  had  been  neurologically  classiOed  as  normal 
using  the  presently  available  clinical  tests.  The  pilots  were  then 
referred  to  NAMRL  for  assessment  of  vestibular  function.  Some  of 
these  pilots  demonstrated  perceptual  anomalies  in  attitude  perception 
that  rendered  them  unable  to  fly  safely  under  select  combinations  of 
acceleration  and  visual  presentations.  Although  U.S.  Navy  pilot 
applicants  are  thoroughly  assessed  to  meet  visual  and  auditory 
standards,  there  are  no  specific  screening  tests  for  vestibular 
function.  Thus,  it  is  possible  for  members  of  the  pilot  community  to 
possess  reactions  that  under  certain  conditions  will  render  them 
particularly  susceptible  to  SD.  In  response  to  requests  from 
clinicians,  we  have  initiated  the  development  of  a  Pensacola 
Vestibular  Test  Battery  (PVTB)  to  assess  aircrew  referrals.  The 
PVTB  is  being  used  to  build  a  normative  and  pathological  data  base 
that  will  be  incorporated  into  mathematical  models  that  will  inform 
the  clinicians  of  the  perceptual  consequences  of  vestibular  anomalies 
in  the  flight  environment.  The  same  computer-based  models  will  be 
useful  for  aircraft  design,  pilot  selection,  and  mishap  investigation. 

IMTRODUCnON 

When  aircraft  mishaps  are  categorized  by  causation  factors,  the 
largest  single  factor  is  consistently  pilot  error.  Despite  a  declining 
overall  accident  rate,  the  proportion  of  pilot  error  accidents  indicates 
little  or  no  improvement.  The  U.S.  Air  Force  has  indicated  that  the 
most  significant  human-factors  problem  facing  the  Tactical  Air 
Command  is  Spatial  Disorientation  (1).  Statistics  from  the  U.S.  Navy 
indicate  SO  and  crew  coordination  are  the  most  signincant  human 
factors  contributing  to  class  A  mishaps.  Annually  the  three  branches 
of  the  U.S.  Department  of  Defense  lose  aircraft  costing  in  excess  of 
300  million  dollars  and  20  to  30  lives  (2.3,4).  Of  the  15  Navy  aircraft 
lost  to  noncombatant  action  in  the  recent  Iraq  conflit,  7  were  SD 
mishaps  (5).  During  the  Falkland  conflict,  5  of  the  6  helicopter 
losses  experienced  by  the  British  were  due  to  SD  (3).  Mission 
success  is  frequently  compromised  by  SD  (e.g.,  the  Iran  hostage 
rescue  team  was  forced  to  turn  back  due  to  a  SD  mishap  at  the 
Desert  One  rendezvous  site  (6)).  In  summary,  among  human-factors 
problems  that  account  for  the  bulk  of  aircraft  mishaps,  spatial 
disorientation  is  the  most  signincant  both  in  terms  of  material  and 
personnel  lost  as  well  as  mission  degradation. 

The  c^iportunities  for  SD  mishaps  are  constantly  increasing  due  to 
more  frequent  night  operations,  requirements  for  all  weather  flying, 
increased  low  level  or  nap  of  the  earth  flight,  use  of  night  vision 
goggles  (NVG)  which  decreases  peripheral  vision,  improved  agility  of 
aircraft,  and  more  demanding  pilot  workload  including  fatigue- 
producing  sustained  operalions-all  factors  that  are  conducive  to 
spatial  disorientation.  As  individual  aircraft  costs  escalate,  the 
military,  especially  in  times  of  constrained  budgets,  cannot  afford  the 
continued  loss  of  what  in  many  cases  are  becoming  nonrenewable 
resources. 

Spatial  disorientation  mishaps  have  occurred  since  terrestrial  man. 
who  evolved  in  a  two-dimensional  environment,  entered  the  dynamic 
three-dimensional  aeronautical  environment.  As  long  as  the  first 
aviators  could  maintain  visual  reference  with  respect  to  the  ground  or 
horizon,  orientation  did  itot  pose  a  significant  problem.  However, 
*clOttd  nying*  and  other  phases  or  forms  of  flight  in  reduced  visibility 


claimed  early  aviators  as  victims  with  an  alarming  frequency.  The 
incidence  of  SD  dramatically  declined  when  Sperry  introduced  the 
gyro-stabilized  artificial  horizon.  Why  is  it  that  since  Sperry's  time, 
there  have  been  no  further  landmark  developments  by  the  human- 
factors  engineers  in  introducing  displays  or  instrumentation  to  solve 
orientation  problems?  It  may  be  that  spatial  orientation,  which  even 
on  the  ground  involves  a  simultaneous  integration  of  information  from 
multiple  sensory  systems,  poses  an  even  more  complex  problem  in  the 
aerial  environment  such  that  human-factors  solutions  must  come  from 
more  than  one  sensory  system. 

Terrestrially,  each  of  the  sensory  systems  involved  in  maintaining 
orientation  (vestibular,  kinesthetic/tactile,  vision,  and  to  a  small  extent 
auditory)  provide  independent,  continuous,  complementary,  and 
reliable  sources  of  information  that  are  integrated  in  the  central 
nervous  system  to  formulate  an  appropriate  response.  However,  in 
the  aeronautical  environment  the  proprioceptive  (vestibular  and 
kinesthetic)  and  tactile  sensations  no  longer  provide  accurate 
information  concerning  the  magnitude  or  direction  of  the  gravity 
vector.  This  is  in  part  due  to  the  continuous  variations  in  magnitude 
and  direction  of  the  resultant  gravitoinertial  force  vector  and  in  pan 
due  to  the  unusual  nature  of  rotational  movement  to  which  the  pilot  is 
exposed.  The  only  reliable  source  of  information  remaining  is  that 
obtained  through  the  visual  system.  Thus,  in  flight,  the  central 
nervous  system  has  the  added  responsibility  of  determining  what 
sensor  information  is  valid.  The  typical  spatial  disorientation  mishap 
occurs  when  the  visual  orientation  system  is  compromised  (e.g., 
temporary  distractions,  increased  workload,  VFR/IFR  transitions,  or 
reduced  visibility)  and  the  central  nervous  system  must  then  compute 
on'entation  with  the  only  information  at  its  disposal  (i.e..  vestibular 
and  somatosensory),  which  happens  to  be  incorrect. 

When  disorientation  occurs  on  the  ground,  we  can  usually  attribute 
the  Cause  to  some  underlying  pathology.  In  the  air,  SD  is  a  normal 
occurrence  for  normal  pilots  and  is  to  be  expected  even  in  the  absence 
of  any  pathology.  This  paper  will  address  techniques  to  identify  a 
class  of  pilots  in  whom  pathological  vestibular  processes  exist  that 
predispose  them  to  experiencing  SD. 

Unlike  other  sensory  end  organs,  the  vestibular  sensory  apparatus  has 
not  proven  amenable  to  accurate  measurement  by  simple  or  complex 
tests.  With  the  visual  and  auditory  systems,  the  ease  with  which  one 
can  accurately  and  quantitatively  measure  such  parameters  as  acuity, 
accommodative  ability,  color  discrimination,  etc.,  has  permitted  the 
compilation  of  extensive  normative  data  with  which  to  compare 
individuals  of  any  age  or  sex.  The  military  and  civilian  communities 
have  long  utilized  these  data  to  set  minimum  qualifications  for 
selection  into  various  communities  (e.g.,  pilots,  submariners)  or  to 
determine  fitness  for  continued  duty.  The  nonavailability  of  normative 
data  and  simple  tests  for  the  vestibular  system  and  its  interaction  with 
other  sensory  systems  has  resulted  in  the  acceptance  and  training  of 
pilot  candidates  who  are  later  unable  to  complete  the  curriculum  due 
to  vestibular  deficiencies. 

The  primary  reason  that  vestibular  tests  are  inaccurate  and/or 
inadequate  is  that  they  measure  the  vestibular  end  organ  indirectly. 
That  is,  they  measure  the  effect  of  the  vestibular  sensory  system  on  a 
motor  response  (e.g.,  eye  movement  in  response  to  a  vestibular 
stimulus,  or  balance  in  response  to  perturbation  of  movement  or 
sensory  deprivation).  Although  the  vestibular  nuclei  ate  the  primary 
recipients  of  the  vestibular  end  organ  signals,  they  also  receive  and 
coordinate  position  and  motion  information  from  a  variety  of  sources 
(visual,  somatosensory,  auditory,  and  corollary  motor  commands)  to 
effect  an  appropriate  response  or  reflex  such  as  postural  control  or 
visual  stability,  or  an  undesirable  effect  such  as  motion  sickness. 


riiese  motor  responses  are  subject  to  modulation  by  several  central 
ner  ous  system  centers.  Specific  tests  to  measure  vestibular  function 
and  its  interactions  must  maintain  precise  control  of  these  other 
input  systems  Although  extraneous  visua'  and  auditory  input  may  be 
eliminated  in  an  attempt  to  isolate  the  effect  of  a  vestibular  stimulus, 
touch  and  the  nonvestibular  proprioceptive  senses  (muscle,  tendon 
and  joint)  cannrt  be  eliminated.  In  the  real  world,  we  must  assess 
the  interaction  of  one  or  more  systems  with  known  vestibular  stimuli, 
and  within  the  vestibular  system,  we  must  assess  not  only  canal 
function  and  otolith  function,  but  also  the  several  ways  canal  and 
otolith  systems  interact  to  alter  cur  response  to  motion. 

Orientation  and  equilibrium  information  are  received  at  the  parietal 
cortex  (S  II  or  somatosensory  area  II),  which  by  virtue  of  its 
anatomical  connections  is  the  cortical  area  most  likely  responsible  for 
kinesthesia  and  perceptual  orientation  in  space.  Area  S  II,  in 
addition  to  being  the  primary  cortical  area  to  r.ceive  vestibular 
afferent  information  (7,8),  also  receives  highly  processed  visual  (9), 
auditory  (10),  and  nonvestibular  proprioceptive  (11)  information  as 
well  as  corollary  discharges  (12)  from  the  motor  cortex.  From  the 
standpoint  of  the  cortical  perceptual  level,  a  ‘simple’  vestibular 
motion  stimulus  is  subject  to  an  even  greater  number  of  influences 
than  the  brain  stem  processing  centers.  By  comparison,  the 
‘traditional  senses’  remain  relatively  uncontaminated  by  other 
sensory  systems  as  they  ascend  via  relays  to  the  higher  level  of  the 
cortex  although  vestibular  information  alters  visual  transmission  at 
early  levels.  At  the  reflex  and  perceptual  levels,  the  effects  of 
vestibular  end  organ  stimulation  pose  measurement  problems  due  to 
the  multisensory  integrative  nature  of  the  vestibular  system. 

Perceptual  orientation,  kinesthesia  and  maintenance  of  posture  are 
absolutely  fundamental  for  survival,  natural  selection  has  avoided 
excessive  reliance  on  any  single  sense  organ  by  employing  multiple 
redundancies  in  this  information  system.  A  gradual  compromise  of 
any  one  channel  wtl!  not  fully  jeopardise  the  ability  to  orient  if  other 
systems  remain  intact.  An  individual  can  adapt  to  a  gradual  loss  of 
vestibular  end  organ  function  with  no  apparent  deficit.  However, 
when  a  second  sx^'em  is  compromised,  such  as  closing  the  eyes  in  the 
Romberg  test,  the  individual  will  be  unable  to  maintain  balance. 
Similarly,  a  blind  man  can  readily  maintain  balance  or  ambulate 
provided  vestibular  and  other  proprioceptive  information  remain 
intact.  The  central  integrating  role  of  the  vestibular  system  in 
orientation  is  evidenced  by  the  profound  incapacitation  of  the  patient 
suffering  an  acute  vestibular  lesion  (e  g.,  viral  infection  or  unilateral 
labyrinthectomy).  Such  a  patient  is  unable  to  stand,  walk  Or  maintain 
stable  vision,  but  in  time,  the  central  integrating  centers  reequilibrate, 
and  equilibrium  is  restored  which  demonstrates  the  adaptive  capacity 
of  the  central  vestibular  system.  For  the  purpose  of  our  discussion, 
the  vestibular  system  includes  1)  tti  labyrinth  end-organ.  2)  primary 
afferents  to  vestibular  nuclei  (including  the  vestibulocerebellum).  3) 
ascending  and  descending  vestibular  projections  to  ocular  and  spinal 
musculature,  4)  vestibular  projections  to  parietal  cortex  for  spatial 
perception  and  5)  efferent  projections  to  the  labyrinth  end-organ. 

The  clinical  vestibular  tests  presently  available  to  neurologists  are  at 
best,  qualitative,  highly  subjective,  and  frequently  uncomfortable  tc 
the  patient  (e  g.,  caloric  stimulation).  During  the  initial  screening  of 
aviators  or  Li.S.  military  personnel,  the  only  test  of  vestibular 
function  administered  by  flight  surgeons  is  the  10-second  Romberg 
(self  balance)  test,  which  can  be  passed  by  vestibularty  compromised 
subjects  who  have  developed  good  nonlabyrinthine  compensatory 
mechanisms  Often,  aviators  and  Naval  Flight  Officers  (NFOs)  come 
to  our  attention  late  in  flight  training  or  after  designation  who  do  not 
have  the  necessary  physiological  skills  (vestibular  in  this  case)  to  fly 
safely. 

Most  pilots  or  NFOs  ate  notorious  in  their  attempts  to  hide  or 
cover-up  physically  disqualifying  defects  during  the  flight  physical 
exam.  The  deFicit,  if  detected,  usually  comes  to  the  attention  of  the 
flight  surgeon  when  the  flight  instructor  observes  a  training  problem 
and  refers  the  student  or  aviator  to  the  flight  surgeon.  Most 
frequently,  vestibular  defleits  present  as  the  inability  to  maintain 


controlled  flight  in  actual  or  simulated  instrument  meteorological 
conditions  when  the  pilot  is  deprived  of  outside  visual  references. 

Over  the  past  3  years,  cooperative  efforts  by  the  Naval  .Aerospace 
Medical  Institute  (N.VMI)  and  NA.MRL  to  examine  selected  aviator 
medical  referrals  have  led  to  documentation  of  a  vestibular  integrative 
deficiency  responsible  for  the  inability  to  maintain  flight  in  instrument 
meteorol./gical  conditions. 

Selected  case  histories  from  our  fi i  s  of  pilot  referrals  will  illustrate  I 

why  the  development  of  a  vestibular  test  battery  employing  specialized 
NAMRL  equipment  is  imperative  to  the  proper  examination  of  pilots 
surviving  suspected  SD  mishaps.  In  today's  climate  of  preventive 
medicine  we  have  the  opportunity  to  reduce  the  incidence  of  SD 
mishaps  and  prevent  repeat  occurrences  when  individuals  with 
pathology  can  be  identified. 


Case  1:  A  24-year-old  Caucasian  male  student  Naval  aviator  in 
advanced  jet  training,  who  had  above  average  grades  in  primary  flight 
training,  experienced  difficulties  maintaining  aircraft  control  during  a 
turbulent  check  ride  in  instrument  conditions.  On  further  questioning, 
he  admitted  to  difficulty  in  reading  instruments  during  turbulence. 
When  he  encountered  turbulence  during  earlier  training  flights,  the 
meteorological  conditions  were  such  that  he  could  maintain 
orientation  using  outside  visual  reference.  Of  significance  in  his  past 
history  was  an  episode  of  vertigo,  nausea,  and  vomiting  for  3  days  at 
age  13~a  probable  vestibular  neuritis.  Although  he  cou'-  perform  the 
standard  Romberg  test,  he  was  unable  to  stand  in  the  s.iarpened 
Romberg  position  (tandem  heel  to  toe  stance,  arms  folded  on  chest, 
and  head  extended  with  eyes  closed).  The  vestibular  ocular  reflex  was 
absent  both  horizontally  and  vertically,  which  explained  his  inability  to 
read  the  instrument  panel  during  turbulence. 

Case  1  illustrates  that  present  entrance  physicals  can  fail  to  detect 
disqualifying  deficie.icies  in  vestibular  function  This  pathology  could 
have  been  easily  detected  with  simple  and  quick  clinical  tests  of 
vestibular  function  if  included  in  the  screening  physical.  This 
advanced  student  jet  pilot  in  whom  the  Navy  had  invested  in  excess  of 
$800,000  in  training  over  3  years  needed  only  two  more  flights  to 
receive  his  wings  and  join  the  fleet.  Since  moderate  turbulence  in  the 
absence  of  outside  visual  references  evoked  uncontrolled  flight,  it 
would  only  have  been  a  matter  of  time  before  a  mishap  occurred.  It  is 
not  known  how  many  fatal  spatial  disorientation  mishap  pilots  have 
possessed  such  pathological  traits,  especially  when  screening  tests  of 
vestibular  function  are  not  routine.  Given  the  minimal  cost  in  time 
and  money  to  include  simple  vestibular  tests  in  the  original  physical 
exam,  it  would  obviously  be  cost  effective  for  the  military  to  identify 
such  pilots  prior  to  losing  huge  sums  of  money  to  training  failures 
even  if  only  one  'ilot  is  found  every  4  years.  From  the  military  point 
of  view  a  mission  failure  can  have  even  more  disastrous  results. 

Case  2:  A  25-year-old  Caucasian  male,  U.S.  Army  student  pilot,  was 
referred  for  recurrent  in-flight  disequilibrium  experienced  while  flying 
under  the  instrument  hood  in  UH-1  helicopters.  When  deprived  of 
e-iemal  visual  reference,  the  patient  described  continuous  right  roll 
and  forward  pitch  sensations  of  such  a  compelling  nature  that  he  could 
not  maintain  control  within  the  prescribed  altitude  limits  required  by 
the  Army  flight  syllabus.  The  patient  had  experienced  no  difficulty  in 
the  previous  120  hours  of  flight  training  where  visual  references  were 
present  or  while  in  the  simulator  practicing  IMC  procedures.  All 
neurological  examinations  and  tests  were  within  normal  limits.  The 
pilot  candidate  was  further  examined  on  a  variety  of  motion  based 
devices  as  follows: 


1.  The  Multiple  Station  Disorientation  Demonstrator  (MSDD)  is  a 
rotating  platform  with  individual  capsules  approximately  9  ft  from  'he 
center  of  rotation.  By  changing  the  orientation  of  the  capsule  in  yaw 
while  the  device  is  at  constant  velocity,  various  conditions  of 
maintained  ‘linear’  acceleration  or  deceleration  can  be  experienced 
without  inducing  the  confounding  effects  of  Coriolis  cross-coupling. 


CASE  HlSrORIES  AND  INTnAI-  OBSERVATIONS 
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For  exampic,  when  the  capsuU-  is  oriented  such  that  the  occupant 
faces  radially  inboard  or  outboard,  he  will  experience  pitch  up  or 
pitch  down  respectively.  A  normal  subject  can  report  oi  indicaic 
rith  a  pitch  indicator  his  perceived  pitch  attitude  within  a  few 
degrees  of  the  resultant  gravitoinertial  force  vector.  At  constant 
velocities  in  th'  dais,  this  student  pilot  usually  perceived  correctly 
the  initial  stimulus  in  any  given  set  of  acceleration  patterns. 
Subsequent  changes  of  capsule  position  resu  te.l  in  perceived  pitch 
changes  in  the  opposite  direction  to  thai  experienced  by  our  normal 
pilots.  Furthermore,  during  transitions  between  positions,  the 
magnitude  of  his  sensations  was  greater  and  durations  were  greater 
than  average  by  factors  of  2  to  5.  As  expected,  the  magnitude  and 
du'ation  of  his  perception  errors  were  reduced  in  the  presence  of 
visual  frames  of  reference. 

2.  Further  tests,  including  visual  vestibular  interactions,  were 
carried  out  onboard  the  Dynasim,  a  short-armed  centrifuge  with  a 
cockpit  mounted  tangentially  (facing  the  direction  of  rotation)  at  the 
end  of  an  8  ft  arm.  A  target  which  rotated  with  the  subject  was 
projected  on  the  wall  of  the  50  ft  diameter  room.  While  rotating  and 
with  Z-axis  aligned  with  the  resultant  gravitoinertial  force,  the  patient 
gave  subjective  information  on  changes  in  the  target  position  when 
he  moved  his  head  fn  m  the  cockpit  instrument  pane!  to  acquire  the 
target  <X)  deg  to  his  right  (16  rpm  ind  30  deg  angle  of  bank).  Tlie 
time  frame  of  perceived  target  motion  in  this  patient  was  longer  by  a 
factor  of  5  to  10  than  our  normal  pilot  candidates.  The  pilot  also 
reported  a  rotational  oscillation,  approximately  1  Hz,  of  the 
stationary  target  approximately  30  s  after  visual  acquisition 

When  the  patient  was  slowly  decelerated  from  16  to  10  rpm,  he 
perceived  pitch  in  the  opposite  direction  to  that  observed  by  normal 
subjects.  As  on  the  MSDD,  the  duration  and  extent  of  these  false 
perceptions  were  reduced  by  low-level  ambient  lighting.  Once  again, 
the  first  acceleration  was  typically  perceived  correctly  as  pitch 
upward. 

3.  Fhe  last  testing  procedure  utilized  a  20-fl  centrifuge  with  a  ramp 
acceleration  to  3  O  for  1  min  followed  by  a  deceleration  to  1  G.  The 
patient  lay  in  a  chair  pivoted  to  maintain  alignment  of  the  resultant 
force  with  his  anterior-po.sterior  (Ox)  axis.  At  constant  velocity  when 
most  expenmental  subjects  do  not  experience  pitch  motion,  the 
patient  expenenced  continuous  feet  over  head  rotation  in  pitch  while 
also  reporting  a  sensation  of  being  upside  down  (head  to  earth).  The 
patient  cxpenenccd  a  ’posimotion”  illusion-that  is,  he  experienced 
.simultaneously  a  sensation  of  continuous  pitch  velocity  motion,  which 
was  not  matched  by  an  appropriate  change  in  pitch  position.  A 
paradoxical  response  similar  to  this  is  experienced  during  centrifuge 
deceleration  and  is  a  reason  why  many  pilots  do  not  like  centrifuge 
training.  However,  our  patient  experienced  this  throughout  the  60  s 
of  constant  velocity,  a  phenomenon  we  have  not  observed  previously 
in  any  pilot  or  student  pilot  subject.  Again  on  deceleration,  his 
perceptions  did  not  match  the  norms,  which  indicates  that  his 
vestibular  sensations  are  far  outside  our  normal  population. 

Case  3:  A  34-year-old  Caucasian  male  Naval  aviator  and  recent  jet 
test  pilot  graduate  was  referred  for  new  onset  of  recurrent  SD. 

During  an  F-14  requalification  flight,  abnormal  pitch  perception  In 
zctual  instrument  conditions  was  precipitated  by  level  deceleration 
;e.g.,  conFigurational  changes  such  as  wings  brought  forward  and  gear 
down)  resulting  In  pilot  induced  oscillation  and  an  inability  to 
maintain  altitude  control  within  +  /-  500  ft.  There  was  no  history  of 
motion  or  simulator  sickness.  Four  years  prior,  he  developed  a 
moderately  severe  case  of  gastroenteritis,  microhema.uria,  and 
progressive  temporal  headaches  with  visual  blurring  and  mild  nausea. 
Work-up  including  CT  scan  and  lumbar  puncture  was  negative.  The 
headaches,  which  were  attributed  to  a  possible  viral  syndrome, 
resolved  within  2  months,  and  the  pilot  was  returned  to  flight  status. 


forward  (down)  sensations  during  deceleration.  The  consistent 
response  in  ihi;  pilot  was  pitch  backward  (up),  which  was  in  keeping 
with  his  problem  of  pilot-induced  oscillation  in  pilch  attitude  control 
in  flight.  It  should  be  noted  that  this  test  pilot  did  rot  expeiience  any 
control  problems  when  flying  with  adequate  outside  ground  or  horizon 
cues.  The  ueromedical  disposition  was  to  continue  him  in  a  flight 
status  but  only  with  a  safety  pilot  present. 

As  in  case  1,  had  it  not  been  for  chance  meteorological  conditions,  this 
pilot  would  have  continued  flying  until  either  a  mishap  occurreu  or  he 
voluntarily  presented  iiimself  to  medical  personnel.  The  latter  rarely 
occurs  given  the  type-A  personality  of  most  military  aviators  and  the 
rarity  with  which  pilots  have  drawn  attention  to  conditions  that  might 
disqualify  them  from  flying.  The  student  pilot  in  Case  2  who  had 
above-average  flight  grades  indicated  that  by  'sneaking  glances'  while 
under  the  hood  he  could  lediice  or  abolish  the  disturbing  illusions  and 
maintain  aircraft  control  sufficiently  to  complete  the  curriculum.  Had 
he  done  so  and  been  involved  in  a  fatal  accident  (and  so  many  SD 
mishaps  are  fatal)  the  mishap  investigation  team  could  have  never 
recognized  the  cause  of  the  mishap  as  being  a  physiological  problem. 
The  '  me  is  true  of  Cases  1  and  2. 

What  makes  Cases  2  and  3  so  unique  is  that  there  are  no  clinically 
available  tests  for  flight  surgeons  to  identify  these  deficits.  Currently, 
only  with  only  highly  specialized  equipment  and  subspecialists  can 
pilots  with  these  traits  be  diagnosed. 

Case  4:  A  41-year-old  Caucasian  Army  instructor  pilot,  involved  in  a 
SD  mishap  on  a  low-light  NVG  flight,  erroneously  felt  his  aircraft 
pitch  while  flying  straight  and  level  over  black  asphalt.  When  he 
"corrected"  his  jjeiceived  pitch,  the  helicopter  impacted  the  ground. 
Neurological  examination  and  all  tests  were  normal. 

When  the  pilot  was  placed  on  the  MSDD  and  the  resultant  force 
vector  was  adjusted  to  be  20-deg  lateral,  a  situation  in  which  he  should 
have  experienced  a  20  deg  roll,  his  perception  was  in  exc  s  ot  90  deg 
toll. 

Case  4  represents  the  fust  SD  mishap  survivor  with  normal  clinical 
Findings  who  presents  with  abnormal  perceptions  which  predispose  to 
SD  mishaps.  This  mishap  could  have  been  averted  if  the  vestibular 
tests  now  being  develofied  were  available  for  screening  when  he 
entered  the  military. 

In  response  to  frequent  requests  by  NAMl  clinicians  for  vestibular 
testing,  it  was  obvious  the  Naval  Aerospace  Medical  Research 
Laboratory  needed  a  systematic  approach  t  j  examine  pilots  referred 
for  SD  complaints.  The  NAMI  departments  of  Internal  Medicine, 
Neurology.  ENT,  and  Psychiatry  thoroughly  assess  each  pilot  before 
referring  them  to  NAMRL,  Due  to  interest  by  the  current  NAMl 
clinicians,  the  Neurology  and  F.NT  departments  complete  the  following 
battery  of  vestibular  tests  (13); 

Clinical  Tests: 

Positional  Testing  -  Hallpike  maneuver,  head  hanging,  head 
shaking.  Barany  chair  rotation 

Fistula  Testing  -  tragus  compression,  suction  (Henneberl's  sign), 
noise  (Tullio's  phenomenon),  valsalva  and  swallowing. 

Postural  Testing  -  sharpened  Romberg,  Quix  test,  past  pointing 

Gait  Testing  -  Fukada  step  lest.  Unlerberger  step  test 

Nystagmus  Evaluation  -  type,  direction,  conjugacy,  latency, 
fatigue/habituation.  Fixation  effects,  gaze  evoked. 


All  neurological  and  neurcvestibular  exams  were  normal.  Using  a 
darkened  pendular  rentrifuge  cab,  the  patient  was  -  posed  to  a  3-Gz 
acceleration  profile  that  in  normal  subjects  elicits  strong  pitch 


Visual  Testing  -  pursuit,  saccades,  VOR,  VOR  suppression 
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Neurodiagnostic  Tests: 

Caloric  Testing 

Visual  Testing  -  EOG  calibration,  optokinetic  nystagmus 
Specialized  Neurodiagnostic  Tests  (NAMRL-based): 

Off  Vertical  Rotation  -  Neurokinetics  chair 

Platform  Testing  -  Equitest  Platform 

This  initial  work-up  far  exceeds  the  recently  recommended 
standardized  basic  vestibular  function  test  battery  (14)  and  exists 
presently  because  of  the  interest  of  physicians  currently  in  residence. 
The  Navy  Research  and  Development  Command  in  response  to 
requests  from  NAMI  clinicians  has  approved  the  development  of  the 
Pensacola  Vestibular  Test  Battery  (PVTB)  to  examine  aspects  of 
vestibular  function  utilizing  our  unique  resources  and  expertise.  This 
action  should  ensure  the  presence  in  the  Navy  of  the  testing 
capabilities  needed  to  prevent  SD  losses  due  to  vestibular 
dysfunction  in  flight.  To  prioritize  the  wide  variety  of  tests  available 
at  NAMRL,  a  group  of  national  and  international  neurootologists 
and  vestibular  researchers  convenes  annually  to  guide  test 
development.  The  group  discusses  approaches  to  individual  cases 
and  will  also  accept  referrals  to  their  own  specialized  testing  facilities. 
We  anticipate  accepting  selected  civilian  patient  referrals  to  aid  in 
validation  of  our  tests.  Tests  will  be  deleted  or  added  until  a  well- 
dePined  battery  is  available  for  delivery  to  NAMI.  NAMI  will  use 
these  tests  to  examine  referrals  from  the  fleet  and  monitor 
rehabilitation  of  pilots  with  acute  vestibular  lesions. 

Some  procedures  will  be  applicable  to  low-cost  screening  of 
applicants.  Three  of  the  above  cases  appeared  to  have  abnormal 
perceptual  responses  to  otolith  stimuli.  A  high  priority  for  the 
aeromedical  community  is  a  simple  screening  test  of  otolith  function. 
The  MSDD  is  the  ideal  platform  from  which  to  obtain  normative 
data  on  central  processing  of  otolith  information,  (e.g.,  perceptual 
responses  to  maintained  acceleration  and  to  passive  changes  in 
resultant  gravitoinertial  vector).  Recording  facilities  already  in  place 
on  the  MSDD  permit  responses  to  be  obtained  from  up  to  10 
subjects  simultaneously  (15).  Given  that  all  incoming  Navy  aircrew 
receive  disorientation  training  on  this  device,  once  the  normative  data 
is  obtained,  the  .MSDD  will  be  the  ideal  screening  tool  to  detect 
abnormal  otolith  function  among  aircrew.  Aircrew  with  responses 
outside  normal  limits  will  be  given  additional,  quantitative  testing  to 
more  accurately  assess  the  level  of  vestibular  function.  As  part  of  a 
validation  paradigm,  labyrinth-defective  and  selected  clinical  patients 
will  be  exposed  to  these  gravitoinertial  forces  to  determine  the 
subjective  response  attributed  to  the  nonvestibular  gravitoceptots. 
Other  tests  presently  being  evaluated  include  Balance  Platform 
testing.  Visual  Vestibular  Interaction  Tests,  Off  Vertical  Rotation 
Test,  Ocular  Counter  Roll  and  Linear  Oscillation. 

CXINO-USIONS 

Several  points  may  be  drawn  from  the  preceding  case  histories,  which 
were  selected  as  a  sample  of  SD  pilot  referrals  to  .NA.MRI,. 

t.  Pilot  referrals  do  not  receive  adequate  screening  of  vestibular 
function  despite  current  availability  of  clinical  tests  that  can  detect 
disqualifying  defects.  A  simple  and  available  test  could  have  detected 
the  pilot  in  case  I  and  prevented  the  loss  of  close  to  $1  million. 

2.  The  presently  available  tests  of  clinical  vestibular  function  are  not 
capable  of  identifying  a  group  of  pilots  (e.g.,  cases  2.  3,  and  4)  who 
possess  traits  that  render  them  highly  susceptible  to  spatial 
disorientation.  At  present,  specialized  acceleration  devices  and 
experts  familiar  with  normal  responses  are  required  to  diagnose  this 
group.  For  these  tests  to  be  useful  in  screening,  large  normative  and 
pathological  data  bases  must  be  constructed  in  order  to  establish 
accurate  confidence  intervals  for  selection  criteria.  Large-scale 


screening  will  also  establish  the  incidence  of  vestibular  deficits  and 
indicate  the  cost  effectiveness  of  the  proposed  screening  program. 
Cross-  sectional  and  longitudinal  studies  for  each  new  test  in  the 
PVTB  as  well  as  for  each  in  the  standard  test  battery  are  necessary  to 
obtain  reliable  normative  data  for  various  age  groups.  In  contrast  to 
the  hearing  and  vision  communities,  the  vestibular  testing  community 
has  not  identified  the  normal  changes  with  age. 

3.  Aeromedical  clinicians  need  to  carefully  address  the  pros  and  cons 
of  adaptive  conditioning  in  overcoming  the  immediate  postural  control 
problems  of  acute  deficits  in  vestibular  function  (e.g.,  case  3),  The 
PVTB  should  include  the  capability  of  assessing  progress  in  the 
rehabilitation  of  pilots  undergoing  such  adaptive  reconditioning. 

4.  A  strong  educational  awareness  program  is  required  to  inform 
instructor  pilots  and  flight  surgeons  of  the  physiological  traits  that  can 
present  as  unexpected  poor  flight  performance  under  instrument 
conditions  (cases  1  -  4).  It  should  be  noted  that  the  pilot  in  case  1 
came  to  our  attention  only  as  a  result  of  a  perceptive,  sensitive 
instructor  pilot  who  sent  the  advanced  jet  student  to  a  flight  surgeon 
who  in  turn  was  sufficiently  intrigued  to  refer  him  to  NAMI 
Neurology.  The  more  typical  disposition  is  a  failed  flight  grade  with 
subsequent  attrition  from  the  program.  Instructor  pilots  who  in  the 
past  have  attributed  poor  instrument  grades  in  otherwise  good 
students  to  a  lack  of  'the  right  stuff  and  who  have  attrited  students 
from  the  flight  program  might  instead  consider  a  referral  to  the  flight 
surgeon. 

Many  pilots  have  strong  interests  in  this  topic  when  given  opportunity 
to  discuss  it  with  specialists.  If  fostered,  this  interest  could  serve  to 
prevent  SD  losses. 

5.  The  specialized  tests  in  the  PVTB  demonstrate  the  need  for  an 
interdisciplinary  approach  to  testing,  which  will  be  most  effective  when 
a  neurootologist  receives  support  from  vestibular  scientists  as  well  as 
specialists  in  vision,  auditory,  and  psychophysiological  research.  In 
contrast  to  other  senses,  the  vestibular  system  is  better  characterized 
as  a  sensory  motor  system  interacting  strongly  with  vision, 
proprioception,  and  to  a  lesser  degree  audition.  This  later  point 
should  represent  the  approach  to  be  taken  by  human-factors  engineers 
in  developing  a  better  man-machine  interface  to  aid  the  pilot  in 
maintaining  spatial  orientation  awareness.  The  current  engineering 
emphasis  on  development  of  improved  visual  displays  as  a  panacea  to 
solving  spatial  disorientation  is  not  the  answer.  Engineers  should 
emulate  the  approach  used  by  all  animals  in  maintaining  orientation, 
namely  the  coordination  and  integration  by  the  vestibular  system  of 
visual,  proprioceptive  and  auditory  information. 

6.  It  should  be  emphasized  that  most  SD  mishaps  are  the  result  of  a 
normal  response  by  a  normal  pilot  and  that  these  special  conditions 
are  omnipresent  in  the  aeronautical  environment.  Only  through  better 
man-machine  interfaces  will  significant  reductions  be  made  in  the 
incidence  of  SD  mishaps.  The  tests  described  in  this  paper  can 
identify  a  group  of  pilots  who  possess  traits  that  do  not  significantly 
affect  performance  on  the  ground  but  which  render  them  more 
susceptible  to  the  ever  looming  specter  of  SD  in  the  air. 

7.  The  devastating  consequences  of  SD  mishaps  justify  the 
expenditures  of  large  research  resources  to  reduce  by  even  a  small 
increment  the  incidence  of  SD.  Basic  research  into  SD  mechanisms 
when  incorporated  with  the  normative  data  we  propose  to  collect  will 
permit  development  of  models  capable  of  predicting  perceptual  and 
sensory  motor  responses  to  accelerations  in  the  aeronautical 
environment.  Aircraft  manufacturers  have  requested  this  information 
now  that  aircraft  can  easily  exceed  the  physiological  envelope  of  the 
human  organism.  When  there  are  no  survivors  from  a  mishap, 
investigators  will  be  able  to  use  the  models  to  reconstruct  the 
dynamics  of  expected  spatial  orientation  perceptual  responses  in 
normal  individuals  in  that  particular  flight  condition(s).  In  addition, 
clinicians  will  be  able  to  envision  the  perceptual  consequences  of 
vestibular  dysfunction  in  special  conditions  of  aviation. 
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RECOMMENDATIONS 

1.  Aggressively  test  vestibular  function  in  a)  survivors  of  suspected 
spatial  disorientation  mishaps  and  b)  pilots  experiencing  difficulties 
with  instrument  flying. 

2.  Build  a  data  base  of  normative  and  pathological  responses  to  each 
vestibular  test  such  that  limits  can  be  set  for  use  in  screening 
applicants.  Determine  the  performance  decrement  for  each  test  as  a 
function  of  age. 

3.  Develop  a  program  to  monitor  rehabilitation  of  aircrew 
recovering  from  acute  vestibular  insults. 

4.  Screen  pilot  applicants  thoroughly  to  a)  prevent  attrition  at  later 
stages  in  the  training  pipeline  and  b)  reduce  incidence  of  spatial 
disorientation  mishaps. 

5.  Educate  instructor  pilots  and  flight  surgeons  as  to  the  existence  of 
physiological  traits  in  pilots  that  can  result  in  an  increased 
susceptibility  to  spatial  disorientation. 

6.  Improve  the  man-machine  interface  by  emphasizing  the 
integration  of  several  sensory  modalities  including  proprioceptive  and 
auditory  displays. 

7.  Develop  a  predictive  model  of  perceptual  response  to  acceleration 
stimuli  that  occur  in  the  aeronautical  environment.  This  will  help  a) 
mishap  investigators  understand  the  dynamics  of  aircraft  mishaps  and 
b)  human  factors  engineers  in  designing  an  improved  sensory 
interface  to  reduce  spatial  disorientation  mishaps. 
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Several  aviation  accidents  are  caused  by 
inadequate  or  misinterpreted  communication 
within  the  crew  or  between  cockpit  and  ATC. 
Wheale  (1983)  revealed  that  of  250  airline 
pilots,  40%  of  the  first  officers  admitted 
that  they  once  or  several  times  had  failed 
to  communicate  their  doubts  about  the  ope¬ 
ration  of  the  aircraft.  Proper  exchange  of 
information  on  the  flight  deck  may  be  due 
to  cultural  differences  (Fou^hee  1982) . 
Hofstede  defines  culture  as  a  value  system 
that  affects  our  priorities  and  the  de¬ 
cisions  we  make.  This  may  indicate  that 
cultural  differences  could  cause  a  desire 
to  avoid  conflict  and  questioning  of  the 
authority  of  the  captain.  The  spoken  lang¬ 
uage  has  much  redundancy  and  is  therefore 
versatile.  This  redundancy  could  also 
cause  problems  of  exact  understanding. 

What  is  registred  by  the  listener  is  based 
on  previous  experience,  learning  and  expec¬ 
tation,  so  there  is  a  risk  of  false  hypo¬ 
thesis  emerging  which  alledgedly  has  been 
a  source  for  several  accidents. 

The  problem  of  ambigous  communication  in 
aviation  has  existed  ever  since  the  first 
multi  crew  cockpit  and  the  emerging  of  the 
first  ATC,  and  has  received  much  attention 
within  human  factor  research.  However, 
most  of  this  research  has  been  performed  in 
the  single  sex  cockpit  and  has  not  taken 
into  consideration  the  new  aspect  of  the 
situation:  female  aviators  entering  the 
scene . 

One  should  be  aware  that  cultural  differ¬ 
ences  do  not  only  exist  between  countries, 
but  also  between  the  two  sexes.  The  diffe¬ 
rences  include  a  value  system  which  affects 
our  priorities  and  the  decisions  we  make. 

We  have  to  accept  that  a  different  value 
system  between  subgroups  do  affect  both 
our  perception  and  the  decision  making 
styles.  With  the  introduction  of  the  two 
sex  cockpit  the  instructors  should  acknow¬ 
ledge  these  differences  and  try  to  create 
teaching  situations  v/hich  create  the  de¬ 
sired  outcome  from  the  two  different  groups 
of  pilot  trainees.  If  the  differences  are 
ignored  at  the  start  of  the  learning  period 
one  may  risk  getting  lost  at  an  early  stage 
of  the  process. 

Most  studies  that  have  examined  the  effect 
of  pilot  training  have  focused  on  very 
limited  periodes  of  time,  primarily  on  the 
ab  initio  training.  Helmreich,  Sawin  and 
Carsrud  (1986)  conclude  that  performance 
shortly  after  the  training  period  is  less 
sensitive  to  personality  traits  than  per¬ 
formance  after  a  long  experience  in  the 
cockpit.  During  training  most  people  are 
motivated  to  do  as  well  as  possible.  Over 
time  when  the  profession  becomes  routine, 
personality  charachteristics  are  the  most 
important  predictors  of  performance. 

The  present  pilot  training  put  more  high¬ 
light  on  personality  attitudes  that  favour 


crew  coordination  in  addition  to  technical 
expertise  than  earlier  days  of  pilot  train¬ 
ing.  This  may  imply  that  cultural  differ¬ 
ences  more  easily  will  emerge  and  have  to 
be  taken  into  training  considerations  in¬ 
stead  of  more  or  less  ignoring  them  as  was 
possible  when  the  operational  performance 
proficiency  was  all  that  really  mattered 
for  the  professional  pilot.  With  more  fe¬ 
males  entering  pilot  training  one  should 
accept  that  the  two  sexes  emerge  from 
different  subcultures  and  consider  the 
possibility  that  different  training  strate¬ 
gies,  especially  within  crew  resource 
management  training  may  work  more  effect¬ 
ively  than  it  has  up  till  now. 

Aviation  Week  and  Space  Technology  (1992) 
reveals  than  overall  the  world  there  are 
2.000  women  transport  crewmembers.  This 
means  an  increase  of  more  than  300%  since 
1980.  In  the  U.S.  females  represent  about 
3%  of  all  commercial  pilots.  Within  the 
armed  Forces  females  have  also  started  to 
participate  in  nontraditional  combat  ope¬ 
rations.  This  is  also  the  picture  in  Nor¬ 
way  where  the  first  female  fighter  pilot 
will  complete  her  training  in  1992. 

So  far  pilot  selection  criteria  and  train¬ 
ing  programs  have  been  and  are  identical 
for  both  sexes  in  the  RNoAF.  Only  few 
women  have  entered  the  aircraft  cockpits, 
which  may  still  rightly  be  called  "male 
territory" .  The  few  women  in  the  Air  Force 
have  adjusted  well  in  their  jobs.  This  may 
be  explained  by  that  the  girls  who  have 
applied  for  pilot  training  have  been 
extremely  motivated  and  competent.  Another 
factor  may  be  that  these  women  have  rea¬ 
lized  that  they  have  had  to  adjust  to  the 
male  territory  with  "male  rules  and  terras". 
However,  there  is  a  possibility  that  the 
next  generation  of  female  aviators  may 
differ  from  the  pioneer  generation  in  that 
they  no  longer  will  accept  the  existing 
rules.  We  foresee  that  future  female  avi¬ 
ators  v/ill  demand  adjustments  fo  the 
current  rules  to  meet  new  requirements 
since  the  next  generation  female  pilots 
will  be  provided  with  successful  role 
models  that  their  elders  lacked,  and  thus 
make  the  cockpit  a  "mixed  double"  working 
place  where  both  sexes  have  to  adjust. 

Several  studies  have  revealed  that  men  and 
women  among  other  things  communicate  diffe¬ 
rently.  Where  men  often  use  "matter  of 
fact"  messages,  women  are  known  to  send 
"less  direct"  messages.  The  fact  that 
there  are  already  too  many  misinterpre¬ 
tations  within  "male  only"  air  crew  has 
focused  on  the  hazards  relating  to  communi¬ 
cation  procedures,  training  and  standards. 
Rather  than  ignore  the  sex  differences  or 
hoping  they  will  disappear,  it  is  time  to 
accept  the  differences  of  the  sexes  and 
provide  information  on  how  the  differences 
were  established  and  why,  and  make  this 
knowledge  part  of  the  compulsory  pilot 


education  and  later  part  of  the  crew  re¬ 
source  management  training. 

With  crew  resource  mangement  training  being 
part  of  the  licensing  requirements  this 
subject  should  among  other  topics  focus  on 
the  communicational  differences  between 
male  and  female  pilots.  This  focusing 
should  not  underline  the  differences  in  a 
negative  way,  but  point  to  them  in  such  a 
way  that  one  becomes  aware  of  them  and 
accepts  them. 

In  a  rough  inflight  situation  with  unstable 
wind  conditions  a  female  captain  asked  her 
male  copilot  who  was  pilot  flying  if  he 
"was  happy",  implying  probably  if  she 
should  take  over  the  controls.  The  co¬ 
pilot  answered  that  he  was  O.K.  and  con¬ 
tinued  the  decent  which  ended  with  a 
crash  killing  three  people.  The  outcome 
of  this  flight  might  have  been  the  same  if 
the  captain  had  taken  over  the  controls, 
but  the  setting  of  the  cockpit  gave  inputs 
to  a  train  on  questions: 

Would  a  male  captain  have  phrased  himself 
differently  in  an  identical  situation? 

Would  the  phraseology  have  been  the  same 
with  two  female  pilots  in  the  cockpit? 

Would  it  have  been  more  difficult  for  a  fe¬ 
male  pilot  to  take  over  the  controls  from  a 
male  pilot? 

Did  the  copilot  understand  the  captain's 
question? 

Human  factors  specialists  who  are  involved 
in  accident  investigation  should  not  ignore 
the  differences  between  male  and  female 
pilots.  There  has  been  a  trend  to  treat 
female  aviators  as  male  pilots  since  they 
are  performing  in  a  masculine  sphere  and 
since  they  are  accepted  on  masculine  terms. 

A  small  survey  performed  in  the  RNoAF  S 
and<^34)  indicates,  however,  a  different 
motivational  basis  within  the  sexes  for 
applying  for  pilot  training.  While  23  of 
the  males  always  had  had  an  urge  to  fly  and 
only  to  fly,  just  one  of  the  five  females 
had  a  dream  come  true  when  accented  for 
pilot  training. 

When  asking  the  pilots'  opinion  about  why 
they  thought  the  number  of  female  appli¬ 
cants  to  pilot  training  has  been  so  modest, 
the  female  pilots  point  to  the  lack  of  role 
models  and  information  about  the  training. 
Twentynine  of  the  male  pilots  felt  that  pi¬ 
loting  is  a  masculine  profession. 

"How  will  a  male  copilot  respond  to  a  fe¬ 
male  captain?"  Only  six  of  the  male  pilots 
could  forsee  a  problem  unless  the  female 
was  less  competent  than  her  male  counter¬ 
part.  While  the  women  felt  that  female 
aviators  have  to  prove  that  they  are  cap¬ 
able  of  being  betterl 

To  the  question  "What  is  the  ideal  pilot 
like?"  The  answers  from  18  of  the  males 
were  that  he/she  should  have  a  high  degree 
of  proficiency  and  good  temper,  while  13 
put  ability  for  cooperation  first.  Two 
of  the  female  pilots  did  not  have  any 
answer  to  this  question  and  three  r.:.iked 
calmness  as  first  priority  and  ability  to 
react  adequately  in  stressful  situations  as 
second  priority. 


Hegbostad  (1989)  performed  a  survey  among 
20  female  commercial  pilots  in  Scandinavia 
asking  why  they  had  chosen  piloting  as  a 
profession.  Of  15  respondents  13  reported 
that  being  a  pilot  was  an  old  dream  come 
true,  just  like  the  males  in  the  Air  Force. 
None  of  the  females  in  this  survey  had  so 
far  experienced  any  negative  attitudes  or 
problems  in  cockpit.  When  asked  if  they 
had  experienced  andy  difficulties  between 
male  and  female  pilots,  nine  referred  no 
difficulties,  two  felt  that  female  pilots 
had  to  prove  themselves  over  and  over 
again,  while  four  said  that  female  pilots 
emphasized  safety  more  than  their  male 
counterparts . 

The  observed  differences  between  the  mili¬ 
tary  female  pilots  and  the  civilian  female 
pilots  may  be  explained  in  that  the  mili¬ 
tary  female  pilots  have  to  prove  themselves 
in  two  areas,  the  military  system  and  in 
aviation,  as  opposed  to  the  civilian  female 
pilot  who  needs  only  to  concentrate  on 
piloting . 

The  first  generation  female  aviators  are 
all  pioneers  and  have  entered  the  premises 
with  their  eyes  wide  open.  That  means  they 
have  been  prepared  and  willing  to  adjust  to 
the  special  environments  of  aviation  which 
have  been  a  masculine  v/orld.  These  adjust¬ 
ments  are  necessary  whenever  a  person 
enters  a  new  territory  and  wants  to  be 
accepted;  one  behaves  according  to  the  al¬ 
ready  existing  terms. 

The  starting  phase  of  a  new  era  is  not  the 
problem  since  everybody  is  alert.  It  is 
the  second  phase  that  is  crucial,  because 
that  is  when  the  problems  emerge,  if  any. 
When  it  comes  to  aviation  and  women,  the 
second  phase  starts  when  being  a  female 
aviator  is  not  considered  exceptional. 

That  will  be  when  the  females  no  longer 
enter  aviation  premises  on  male  terms. 

This  will  probably  coincide  with  a  change 
of  "image"  of  what  "the  ideal  pilot  perso¬ 
nality"  is  like.  We  foresee  that  the 
future  image  will  put  less  emphasize  on 
courageousness  and  action  and  put  more 
weight  on  teamwork  skills  and  communi¬ 
cation  abilities  from  the  performers. 

This  statements  is  not  to  imply  that  the 
next  generation  female  aviators  will  create 
problems  in  contrast  to  the  present  gene¬ 
ration,  but  with  new  requirements  in  the 
automatized  cockpit,  the  instructors  have 
to  be  especially  aware  of  pitfalls  which 
may  reduce  the  effectiveness  of  the  present 
crew  management  training. 

When  giving  feedback  on  performance,  in¬ 
structors  should  be  aware  that  women  tend 
to  attribute  failure  to  lack  of  ability 
while  men  attribute  failure  as  bad  luck. 
VJomen  also  show  impaired  performance  when 
threat  of  failure  is  present  and  when 
evaluative  pressure  on  a  difficult  task  is 
increased  (Nicholls  1975)  . 

In  order  to  learn  how  feedback  acquires 
different  meanings  for  the  two  sexes,  one 
should  analyze  the  pattern  of  evaluative 
feed  back  they  experience  from  various 
evaluators.  Individual  differences  in 
attributions  result  in  diffences  in  the 
generalization  on  failure  effects.  These 
effects  have  a  more  cumulative  effect  for 
females  than  for  men  and  thus  provide  a  way 
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of  understanding  why  women  demonstrate  a 
trend  to  lag  behind  boys  in  achievement 
areas  which  probably  stems  form  the  differ¬ 
ent  ways  boys  and  girls  have  been  appraised 
in  kindergarten  and  in  school.  Broverman  & 
al  (1972)  have  isolated  two  distinct 
clusters  of  traits  which  are  seen  as  dis¬ 
tinguishing  men  from  women. 

The  first  cluster  is  characterized  by 
warmth,  expressiveness,  being  aware  of 
other  peoples  feelings  and  has  been  associ¬ 
ated  with  women.  The  second  cluster  con¬ 
tains  traits  that  reflect  competence, 
dominance  and  self  confidence  and  has  been 
associated  with  men.  Even  after  the  Femi¬ 
nist  movement  this  general  set  of  stereo¬ 
types  are  being  sustained.  Stereotypes 
constitute  a  set  of  expectancies  for  the 
individual  performer  which  will  be  re¬ 
flected  in  the  observers  evaluation  of  the 
performer . 

Deaux  (1974)  asJced  employees  v/ho  held 
first  -  level  management  positions  within 
several  organizations  to  identify  the 
causes  for  either  their  success  or  failures 
in  job  related  situations.  The  women  in 
the  study  made  use  of  "effort"  in  explain¬ 
ing  their  success,  while  the  men  used 
"ability"  more  than  effort. 

These  differences  in  attribution  strategies 
may  also  mirror  the  different  communication 
strategies  in  men  and  women.  Attributional 
strategies  will  influence  on  communication 
within  a  close  relationship,  i.e.  coc)cpit. 
Such  communication  patterns  are  useful  in 
justifying  one's  own  actions  and  question¬ 
ing  those  of  close  associates  and  are 
evo)ced  primarly  in  situations  of  conflicts. 

These  trains  of  thought  are  not  reflecting 
pessimistic  minds,  but  rather  an  identifi¬ 
cation  of  social  psychological  problems 
that  may  rise  in  the  coc)cpit  some  years 
from  now  for  different  reasons,  one:  there 
will  be  a  change  of  coc)?pit  setting  when 
beeing  a  female  pilot  is  not  unusual,  and 
two:  there  will  be  a  trend  toward  a  more 

androgynous  coc)cpit  in  the  future  because 
the  requirement  for  pilots  will  be  people 
who  give  priority  to  human  understanding, 
who  are  compa-  ’onate  and  friendly  at  the 
same  time  as  th^.y  can  demonstrate  inde¬ 
pendence,  assertiveness  and  leadership.  If 
selection  criteria  are  changed  in  order  to 
take  care  of  the  new  requirements  of  pilots 
the  present  CRM  programs  may  have  put 
emphasise  on  subjects  that  will  be  a  matter 
of  course  in  the  future  and  thus  even  more 
time  can  be  spent  on  the  difficult  art  of 
communication.  This  paper  is  meant  as  a 
reminder  that  the  pilot  personality  is 
changing  along  with  society,  even  if  some 
people  still  thinks  that  Wolf's  "the  right 
stuff"  is  still  what  makes  a  real  pilot. 
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R^sum^ 

Le  Dipartement  des  Sciences  de  I'Environnement  de 
RENAULT  £tudie  le  comportement  d'un  large  dchantillon 
de  conducteurs  (100  personnes  des  deux  sexes,  de  tous 
ages  et  de  toute  experience  de  conduite)  impliques  en 
situation  accidentelle  (simulation  d'une  intersection  entre 
deux  voies). 

Le  but  est  d' analyser  la  manlire  dont  le  conducteur 
d’une  voiture  utilise  ou  non  le  dispositif  d'antiblocage  des 
roues,  non  seulement  pour  freiner  mais  aussi  pour  effectuer 
un  deport  lateral  afin  d'eviter  I'obstacle. 

ll  apparait  que  la  sensibilite  des  sujets  au  stress, 
evaluee  par  une  approche  physiologique  pendant  les 
experiences  mais  aussi  par  des  tests  psychologiques  realises 
avant  et  aprds  les  experiences,  explique  pour  une  part  non 
negligeable  la  reussite  ou  pas  de  revitement  de  I'obstacle. 
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En  1990,  les  accidents  sur  les  routes  fran^aises  ont 
entraine  la  mort  de  10289  personnes  (6295  automobilistes). 
Malgre  tous  les  perfectionnements  que  Ton  puisse  apporter 
aux  diffdrents  syst6mes  de  retenue  (en  supposant  que  tous 
les  usagers  utilisent  ces  dispositifs),  et  en  tenant  compte  des 
ameliorations  encore  possibles  en  renforcement  des 
structures  des  vehicules,  dans  SI  %  des  cas  au  moins,  la 
violence  des  chocs  est  telle  qu'elle  apparait  au-del^  des 
ressources  techniques  et  economiques  connues  en  securite 
secondaire  (THOMAS,  89).  Dans  ce  cas,  pour  plus  de  la 
moitii  des  accidents,  la  seule  solution  releve  de  la  securite 
primaire  et  de  revitement  de  I’accident 

Le  systfeme  anti-blocage  de  roues  est  le  systeme  de 
securite  primaire  le  plus  prometteur,  de  la  demiere  decennie, 
propose  sur  des  vehicules  de  serie.  A  son  apparition, 
certaines  compagnies  d' assurances  ont  propose  des  primes 
reduites  pour  les  vehicules  equipes  de  ce  systeme.  Aprfes 
quelques  annees  de  recul,  ces  memes  compagnies  ont 
supprime  cet  avantage  car  les  vehicules  concemes  ne 
semblent  pas  etre  moins  impliques  dans  les  accidents  que 
les  vehicules  non  equipes.  L’avantage  du  systfeme  anti- 
blocage  de  roues  est  pourtant  evident  ;  il  permet  de 
conserver  le  contrdle  du  vehicule  durant  la  phase  de 
freinage,  en  utilisant  au  mieux  les  conditions  d'adherencc, 
et  autorise  des  distances  de  freinage  minimales  en  touies 
situations.  Si  les  performances  du  systeme  anti-blocage  de 
roues  ne  soni  pas  mises  en  doute,  la  question  de  son 
efficacite  sur  route  reste  posee,  du  moins  en  lerme  de 
reduction  du  nombre  des  accidents  et  des  victimes. 

Parmi  les  37972  accidents  corporcls  impliquant  au 
moins  une  voiture  survenus  sur  les  routes  fran^aises  en 
1990,  13749  sont  des  accidents  e  deux  voitures  seulement 
dont  3243  hors  agglomeration  et  en  intersection,  Cette 
configuration  d'accident,  qui  correspond  i  un  quart  des 
accidents  impliquant  deux  vehicules,  semble  typique  de 
celle  ou  un  systime  anti-blocage  de  roues  apporterait  un 
gain  considerable  en  securite.  L'etude  decrite  dans  cet  article 
est  basee  sur  ce  type  d' accidents. 
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Protocole  experimental 

100  sujets,  tous  volontaires,  ont  recruits  parmi  le 
personnel  de  Renault.  11s  ont  dt6  s^lectionn^s  k  I'aide  de 
tests  psychom^triques  afin  d'^valuer  leur  ^motiviti  (test  de 
personnalit^  d'Eysenck  et  test  de  stress  de  Stroop).  Les 
personnes  retenues  possident  toutes  leur  permis  de 
conduire  avec  une  experience  plus  ou  moins  imponante 
mais  ne  sont  pas  des  pUotes  professionnels.  Quatre  gnoupes 
de  25  sujets  ont  etd  constituds  : 

-  Ic  groupe  1  dispose  d'une  voiture  qui  n'est 
pas  equipde  d'ABS, 

-  le  groupe  2  dispose  d'une  voiture  equipde 
d'un  ABS  mais  n'en  est  pas  informe. 

-  le  groupe  3  salt  que  son  vehicule  est  equipe 
d'un  systfeme  ABS. 

-  le  groupe  4  dispose  d'une  voiture  equipee 
d'un  ABS  et  a  re^u  une  formation  d'une  demi- 
journee.  Cette  formation  comprenait  une  partie 
theorique  expliquant  le  but  et  le  fonctionnement  du 
systeme  anti-blocage  de  roues  ainsi  qu'une  partie 
pratique  constituee  de  demonstrations  et  d'exerciccs 
d'evitement.  La  formation  a  lieu  un  li  deux  mois 
avant  les  essais. 

La  repanition  des  sujets  a  ete  realisee  apres  les  tests 
psychometriques  de  fafon  ^  obtenir  des  groupes 
homogenes  en  age,  en  anciennete  de  permis  de  conduire  et 
en  emotivite.  Le  fait  de  recruter  la  population  d'essai  parmi 
la  population  active  entraine  une  sous-representation  des 
personnes  agees.  Plus  de  70  %  des  conducteurs  impliques 
dans  ce  type  de  situation  sont  cependant  reprtsentes. 

Parmi  les  100  essais  effectivement  realises,  70 
seulement  ont  pu  etre  reienus,  soit  e  cause  de  defaillances 
techniques  survenues  en  cours  de  conduite,  soit  <1  cause  de 
configurations  "situationnelles"  trop  differentes  de  la 
moyenne.  Ces  70  personnes  se  repartissent  de  la  fayon 
suivante  dans  les  quatre  groupes  cites  ci-dessus  :  (17  dans 
le  groupe  1;  19  dans  le  groupe  2  ;  18  dans  le  groupe  3  ;  16 
dans  le  groupe  4) 

Les  sujets  sont  pievenus  que  l  etudc  pone  sur  la 
secunte  primaire  el  que  leur  componement  ainsi  que  celui  de 
la  voiture  seront  enicgistres  durant  un  parcours  de  conduite 
sur  circuit  pouvant  comporter  des  "situations  critiques".  La 
voiture  utilisee  est  une  R25  TXI.  Pour  les  sujets  du  premier 
groupe,  le  dispositif  anti-blocage  de  roues  est  d6connect6,  le 
freinage  est  done  classique. 

Le  parcoun  fermd,  constitu6  de  voies  de  liaisons,  de 
tron^ons  de  circuit  et  d'une  route  i  deux  voies  (largeur  7  m) 
mat6riaUs6e  par  des  eftnes  sur  une  aire  de  d6gagement. 
Plusieurs  intersections  sont  travers<es  par  le  parcours  dont 


deux  dans  la  panic  matdrialisee  par  les  cones.  A  ces  deux 
intersections,  des  voitures  R19  respectant  un  "stop"  sont 
arreties  avec  des  conducteurs  i  leur  bord.  La  vision  du 
sujet,  au  niveau  des  deux  intersections  est  limit6e  jusqu'au 
dernier  moment  par  des  murs  artificiels  et  non  dangereux 
(polystyrene,  ...)  qui  masquent  les  R 19  arrgtees.  Les  autres 
intersections  peuvent  etre  relativement  d^gag^es  ou 
masqudes  par  la  vegetation. 

Le  sujet  effectue  generalement  dois  tours  de  circuit 
afin  de  se  familiariser  avec  la  voiture  et  le  parcours.  Le 
nombre  de  tours  peut  varier  de  fa(on  i  cc  que  les  sujets 
patientant  dans  la  zone  d'attente  ne  puissent  evaluer  la  duree 
de  I'experimentation.  Chaque  sujet  decouvre  le  circuit 
quand  il  commence  I'essai  et  les  sujets  devant  passer  n'ont 
aucun  contact  avec  ceux  qui  ont  dejk  effectu6  le  test.  La 
duF^e  d'un  tour  est  de  4  mn  et  la  duree  d'un  passage  est 
done  d'environ  12  mn.  La  vitesse  de  consigne  est  de  100 
km/h  dans  les  lignes  droites,  80  km/h  da-  ;.s  virages.et  30 
ktn/h  dans  les  voies  de  liaison  Un  experimentatcur,  toujours 
le  meme,  est  assis  k  cot6  du  sujet  pour  lui  transmettre  les 
consignes  de  vitesse  et  de  conduite  et  s'assurer  du  respect 
de  ces  consignes.  L'exp6rimentateur  assure  aussi  la  s6curit6 
du  sujet  en  corrigeant  toute  manoeuvre  pouvant  devenir 
dangereuse. 

Durant  le  dernier  tour,  la  R19  plac^e  a  droite  de  la 
deuxiime  intersection  est  remplacie  par  un  leurre  gonfl6 
ayant  les  formes  d'une  RI9.  La  voiture  du  sujet  passe 
devant  des  barriferes  optiques  qui  servent  de  signal  de 
synchronisation  pour  le  d6marrage  de  I'obstacle.  Les  murs 
masquant  I'interseclion  ne  permettent  au  sujet  de  voir 
I'obstacle  qu'au  moment  oil  celui  ci  surgit  sur  leur  voie.  A 
cet  instant,  compte  tenu  de  la  vitesse  de  1(X)  km/h  et  d'un 
temps  moyen  de  reaction  estime  ^  0,8  s,  il  manque  environ 
15  m  pour  qu'un  freinage  pur  soit  suffisant  pour  eviter 
I'obstacle.  La  vitesse  moyenne  au  niveau  de  I'obstacle  est 
approximativement  de  50  km/h.  La  voiture  obstacle  traverse 
la  premiere  moiti<  de  la  route  puis  s'arreie.  La  voie  de 
gauche  est  libre  pour  laisser  le  passage  au  sujet.  Ceci 
constitue  une  situation  tris  difficile  ou  la  premiere  reaction 
d'evitement  doit  etre  la  bonne. 

Les  paramitres  suivants  sont  enregistr6s  pendant 
toute  la  dur6e  de  la  conduite  : 

-  d6bit  capillaire 
resistance  cutanee 

-  temperature  cutanee 

-  potentiel  cutane 

-  frequence  respiratoire 

-  frequence  cardiaque 

-  eiectromyogrammes  (EMG)  du  biceps  et  du 

nechisseur  des  doigts 


-  dlectro-occulogramme  (EOG)  horizontal  et 
vertical 

-  une  micro-camera  video  est  fixee  sur  la  tempe 
droite  du  sujet  pour  enregistrer  son  champ  visuel 

-  une  camera  video  est  fixee  sur  le  coin  droit  de 
la  planche  de  bord  pour  filmer  en  buste  le  sujet 
pendant  rexperimentation 

Une  quinzaine  de  parametres  etaient  aussi  recueillis 
sur  le  vehicule  mais  ils  ne  seront  pas  detailies  dans  cet 
article. 


Materiels  et  methodes 

Le  propos  de  cet  article  etant  d'etudier  I'aspect 
physiologique  et  psychologique  du  stress  du  conducteur,  on 
s'interessera  essentiellement  aux  trois  premiers  signaux  (le 
potentiel  cutane  ainsi  que  les  frequences  respiratoire  et 
cardiaque  n'etant  pas  encore  analyses).  Ces  signaux  sont 
recueillis  sur  I'interieur  de  la  main  gauche,  les  capteurs  etant 
disposes  de  fagon  4  ne  pas  gener  la  tache  de  conduite. 

La  resistance  cutanee  (kfl)  est  enregistree  en  utilisani 
des  electrodes  Capsulex  impolarisables  de  30  mm2,  fixees 
par  un  sparadrap  autocollant  sur  la  dcuxiime  phalange  de 
I'index  et  du  majeur.  La  resistance  est  mesuree  avec  un 
courant  continu.  Toute  influence  entte  le  potentiel,  recueilli 
au  niveau  du  poignet,  et  la  resistance  est  eiiminee  par  le  fait 
meme  du  positionnement  des  electrodes, 

Le  debit  sanguin  est  mesure  grace  k  un  Hematron 
(Dittmar,  CNRS/ANVAR  brevet  n°85  15932),  systime 
mesurant  en  permanence  la  conductivite  des  tissus  en 
utilisant  le  principe  de  la  clairance  thermique  (diametre  du 
capteur  25mm). 

La  temperature  cutanee  est  mesuree  par  une 
thermistance  de  faible  inertie  (10K3  MCD2  Betatherm).  Un 
capteur  de  4  mm2  est  fixe  par  une  glue  non  caustique  sur  le 
milieu  de  la  face  interne  de  la  main.  Une  variation  d'environ 
un  centiime  de  degre  peut  etre  ainsi  detectee.  Ces  mesures 
ont  pour  but  d'objectiver  la  capacite  du  sujet  &  utiliser  les 
possibilites  du  vehicule  dom  il  dispose. 

Afin  de  contrdler  I'emoiiviie  globale  des  sujets 
confrontes  3i  ceite  situation,  chacun  d'entre  eux  doit  remplir 
un  questionnaire  d'auto-evaluation  (test  ASTA)  avant  et 
apris  I'essai.  Les  differents  tests  psychometriques 
permettent :  d'une  part  d'obtenir  des  groupes  homogenes  en 
terme  tfemottvite  afin  de  ne  pas  biaiser  les  resultats ;  d'autre 
part  de  determiner  pour  chaque  sujet  son  etat  emotionnci 
avant  et  apits  le  test.  Les  premiers  tours  de  circuit  servent  e 
etablir  des  references  pour  les  parametres  recueillis  sur  le 
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sujet  et  sur  le  vehicule  par  rapport  au  moment  ou  il  aborde 
I'intersection  et  sa  reaction  face  e  une  situation  d'urgence. 


Resultats 

Influence  du  groupe  d'appartenance 

On  rappelle  que  la  population  etudiee  est  divisee  en 
quatre  groupes  en  fonction  de  I'information  du  sujet  quant  e 
la  presence  du  systbme  anti-blocage  de  roues.  Les  groupes 
sont  homogbnes  en  age  et  en  sensibilite  aux  situations 
stressantes  : 

-  groupe  1  ;  le  systbme  ABS  est  deconnecte  (ffeinage 
"ordinaire") 

-  groupe  2  :  la  voiture  dispose  de  I'ABS  mais  le 
conducteur  ne  le  salt  pas 

-  groupe  3  :  la  voiture  dispose  de  TABS  et  le 
conducteur  le  salt 

-  groupe  4  :  la  voiture  dispose  de  TABS  et  le 
conducteur  a  6t6  formti 

L'infiuence  du  groupe  est  r^sumde  dans  la  figure  1 . 
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Le  terme  "tentative  d'ivitement"  conceme  les  sujets 
qui  ont  effectuti  une  manoeuvre  complexe  d'tivitement,  i 
savoir  freinage  et  action  sur  le  volant.  Meme  s'ils  n'ont  pas 
rtiussi,  une  telle  manoeuvre  6tait  nicessaire  pour  ^viter 
I'obstacle,  Dans  ce  cas,  le  choc  pouvait  etre  moins  violent. 
Compte  tenu  de  la  violence  du  choc,  les  sujets  du  groupe  I 
auraient  pu  etre  gravemen*  blesstis.  Les  personnes  des  trois 
autres  groupes  ayant  tenti  un  tivitement  auraient  eu  des 
blessures  plus  Itig^res  ou  auraient  (t6  indemnes.  Le  but  de 
cet  article  n'etant  pas  d'etudier  les  blessures  suivant  la 
s<v<riti  du  choc,  les  auteurs  ne  d<tailleront  pas  plus  cet 
aspect. 

Si  Ton  s'intiressc  au  comportement  du  conducteur 
face  &  une  situation  donntie  et  &  sa  capacity  &  utiliser  routes 
les  possibilittis  d'un  systime  anti-blocage  de  roues,  il  faut 
consiiKrer  globalement  les  barres  noires  et  blanches. 
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L'int^ret  d'un  systime  anti-blocage  de  roues  semble 
iminddiat ;  en  effei,  seul  le  groupe  qui  n'en  dispose  pas  n'a 
pu  riussir  aucun  ^vitement. 

40%  des  sujets  tentent  (avec  r^ussite  ou  non)  une 
manoeuvre  d'dvitement  en  tournant  le  volant.  Ce 
pourcentage  passe  4  80  %  dans  le  cas  des  personnes 
form^es  pendant  une  demi-journdt  aux  manoeuvres 
d'^vitement. 

Le  test  a  ^t^  jugd  vraisemblable  par  la  totality  des 
sujets  et  seul  un  trds  faible  nombre  ont  estim^  que  I'obstacle 
n'^tait  pas  suffisamment  r^aliste.  U  est  it  noter  qu'aucun  des 
sujets  ayant  jug^  I'obstacle  peu  rfaliste  ne  I'a  ^vite  et  tous 
ont  eu  une  ruction  tr^s  tardive. 


Influence  de  la  personnaliU  du  conducteur 

Lors  de  leur  preselection,  tous  les  sujets  ont  realise 
une  serie  de  tests  permettant  d'^valuer  leur  personnalite  (test 
d'Eysenck)  et  leur  rapidity  de  reaction  (test  de  Stroop).  Ces 
tests,  realises  par  Mme  Pailhous  -psychologue-,  ont  permis 
de  repanir  la  population  etudiee  en  quatre  groupes  en 
fonction  de  leur  capacite  k  r^agir  ^  une  situation  stressante  ; 
A-trbs  peu  sensible  au  stress;  B-peu  sensible  au  stress  ;  C- 
assez  sensible  au  stress  ;  D-tris  sensible  au  stress 
Linfluence  de  ce  paramfitre  est  r^sum^e  dans  la  figure  2. 


figure  2 

La  capacity  des  sujets  it  effectucr  unc  manoeuvre 
d'^vitement  semble  tris  li<e  &  leurs  facult^s  de  reactions 
<motionnelIes.  Seuls  ,17%  des  sujets  peu  sensibles  aux 
sttuations  stressames  ne  r^agissent  pas  correctement 
puisqu'ils  n'associent  pas  le  coup  de  volant  au  freinage  en 
voyant  apparaitre  I'obstacle.  Parmi  les  sujets  les  plus 
sensibles  ;  les  deux-tiers  d'emre  eux  som  soumis  it  une 
surcharge  ^motionnelle  les  cmpfichant  d'effectuer  la  bonne 
manoeuvre. 


Physiologic  du  comportement  du  conducteur 

Les  trois  paramdtres  physiologiques  presentis 
(resistance  et  temperature  cutanes,  debit  sanguin)  ont  ete 
enregistres  en  continu  depuis  le  moment  ou  le  sujet  est 
instalie  dans  la  voiture  jusqu'au  moment  oil  il  est  interroge 
sur  ses  impressions  apres  le  passage  de  I'obstacle.  La 
valeur  de  reference  au  repos  est  etablie  quand  le  sujet  est 
assis  dans  la  voiture  k  I'arret.  La  valeur  de  reference  de 
conduite  est  moyennee  sur  toute  la  durde  du  trajet  avant 
I'apparition  de  I'obstacle  (12  mn  environ).  La  valeur 
correspondant  ^  I'instant  de  stress  cause  par  I'apparition  de 
I'obstacle  sur  la  trajectoire  est  appeiee  valeur  "choc",  quelle 
que  soil  la  performance  du  sujet.  Enfin  une  valeur  dite  de 
"recuperation"  est  mesuree  aprbs  Tarret  de  la  voiture, 
pendant  que  le  sujet  donne  ses  impressions. 

La  figure  3  donne  les  valeurs  moyennes  (tous  sujets 
confondus)  correspondant  k  chacune  de  ces  phases. 


Variation  des  rfsistance,  debit  sanguin  et  temperature  cuianec  au  cours 
des  diffetowes  phases  de  I'experimentalion.  Les  valeurs  sont  des 
donnees  brutes  moyenriees  sw  I'enscmble  des  sujets. 


liguisJ 


Les  valeurs  les  plus  hautes  de  resistance  ont  ete 
eniegistiees  au  repos,  avant  le  debut  de  la  conduite.  Des  que 
la  voiture  commence  &  rouler,  le  sujei  se  mobilise  et  sa 
resistance  cutan^e  baisse  de  18%  par  rapport  k  la  reference 
de  repos.  Au  moment  du  choc,  la  resistance  chute  de  plus 
de  30%  par  rapport  ii  la  reference,  pour  revenir  ensuite  h  la 
valeur  enregistree  lors  de  la  conduite,  une  fois  que  le  stress 
a  un  peu  diminud.  Un  retour  &  la  valeur  de  reference  au 
repos  demanderait  environ  dix  minutes. 

La  temperature  cutanee  ne  cesse  de  croitre,  et  ceci 
probablement  pour  des  raisons  dependantes  de  la 
temperature  environnementale.  En  effet,  lors  des  mesures 
prises  au  repos  dans  la  voiture,  les  portieres  sent  ouvertes 
pour  pouvoir  tester  tous  les  parametres.  La  temperature 
cutanee  presente  alors  les  valeurs  les  plus  basses.  Pendant 
la  conduite,  les  vines  sont  fermees  ’a  temperature  dans 
i'habitacle  se  rechauffe  et  entrame  le  elevation  de  la 
temperature  cutanee.  Par  centre,  le  choc  a  un  effet 
suffisamment  stressant  sur  les  conducteurs  pour  stopper 
instantandment  cene  elevation  constante  de  la  temperature  et 
ae  la  baisser  en  une  fraction  de  seconde  de  prds  d  un 
dixiemc  de  degid  en  moyenne.  Le  choc  passd,  I'eievation  de 
la  temperature  reprend  le  meme  cours  que  precedemment. 

Quant  au  debit  sanguin,  la  valeur  au  cours  de  la 
conduite  est  plus  dlevde  qu'au  repos,  comme  si  les  sujets  se 
relaxaient  aprfes  I'attente  du  ddpan.  Cependani,  il  existc  un 
lien  certain  entre  la  temperature  et  le  debit  sanguin  cutands, 
aussi  I'augmentation  du  debit  durani  la  conduite  est  peut  dtre 
lide  i  I'eievation  de  temperature  preeddemment  dderite.  Par 
centre,  le  choc  a  le  meme  effet  stressant  que  sur  les  deux 
autres  paramdtres  et  abaisse  trds  rapidement  la  valeur  du 
debit,  qui  reprendra  sa  valeur  prdeddente  une  fois  I'dmotion 
passde. 

Ces  nois  param4tres  permettent  de  bien  coirdler  un  dut 
physiologique  i  un  stress  du  ^  un  evdnement  paiticulier. 
Ceci  avait  ddji  dtd  pidsentd  lors  de  prdeddents  travaux  par 
Dittmar  et  al  (1985).  Pour  approfondir  I'intdret  de  ces 
mesures,  on  differencie  maintenant  les  diffdrentes  strategies 
de  conduite  :  rdussite,  tentative  d'evitement,  freinage  seul, 
aucune  reaction.  Les  rdsultats  prdsentds  sur  la  figure  4 
donnent  les  valeurs  des  trois  parametres  physiologiques 
lorsque  la  voiture  obstacle  s'est  engagde  sur  le  cioisement. 


Variation  des  idsistance.  ddbit  sanguin  et  lempdrauiie  cutande,  au 
moment  du  choc,  en  fonction  du  idsulUitde  la  manoeuvre  rtalisdc. 


figure 


Les  deux  colonnes  de  gauches  represement  les  sujets 
ayant  effectud  une  manoeuvre  correcte,  rdussie  ou  non.  Les 
valeurs  moyennes  de  chacun  des  pararndtres  est  plus  basse 
dans  le  cas  d’une  manoeuvre  adaptde. 


giacussiPB 

Les  conditions  expdrimentales  correspondent  d  une 
situation  tids  critique,  une  manoeuvre  de  freinage  pur  dtant 
insufiisante  pour  dviter  I'accident.  Dans  une  telle  situation, 
I'avantage  du  systdme  anti-blocage  de  roues  est  flagrant. 
Aucun  des  sujets  n'en  disposant  pas  n'a  rdussi  i  dviter 
I'accident.  Le  seul  fait  d'en  disposer  permet  d'dviter 
I'accident  dans  20  %  des  cas.  La  formation  des  sujets 
contribue  i  dviter  prds  d'un  tiers  des  accidents. 

Dans  les  trois  premiers  groupes,  50  i  60  %  des 
sujets  n'ont  pas  essayd  de  toumer  le  volant  alors  que  la 
distance  i  la  voiture  obstacle  dtait  trop  couite  pour  qu'une 
numoeuvre  de  freinage  pur  soit  suffisante.  Dans  le  groupe 
qui  a  refu  une  formation,  80  %  des  com  .ctcurs  ont  rdalisd 


une  manoeuvre  appropride.  L  am^Iioration  considerable  de 
la  performance  met  en  Evidence  I'utilit^  d'une  formation  de 
ce  type  (Priez  et  al.  -  1991). 

U  peut  etre  surprenant  au  premier  abord  de  constater 
que  le  troisiftme  groupe,  inform^  de  la  presence  du  systfeme 
anti-blocage  de  roues,  obtient  de  moins  bons  resultats  que  le 
deuxiime,  non  inform^.  Cette  contre-pcrformance  peut 
s'expliquer  par  une  mauvaise  connaissance  du  systfeme  anti- 
blocage  de  roues  et  un  sentiment  de  s&:urit£  suppl^mentaire 
provoqu6  par  un  outil  g^n^ralement  mal  utilisd.  Ceci  est 
confortd  par  les  interviews  rdalisdes  durant  les  essais,  ou  les 
sujets  ddcrivent  le  systdme  anti-blocage  de  roues  comme  un 
dispositif  permettant  un  freinage  plus  efficace  et  de 
meilleure  qualitd  (c'est  k  dire  un  freinage  optimisd,  plus 
puissant,  et  une  distance  de  freinage  nenement  raccourcie  en 
toute  circonstance). 

Sa  capacitd  ^  rdagir  H  des  situations  stressantes  ne 
permet  pas  de  prdvoir  la  performance  que  rdalisera 
ultdrieurement  un  sujet  donnd.  La  qualitd  de  la  rdaction 
ddpend  aussi  des  conditions  dmotionnelles  et 
environnementales  au  rtwment  du  test.  Dans  ce  cas,  les  tests 
psychomdtriques  permettent  d'homogdndiser  les  groupes 
lots  de  leur  constitution  et  d'anticiper  sur  la  qualitd  de  la 
rdaction  mais  non  sur  la  performance.  Les  deux  tiers  des 
sujets  peu  sensibles  au  stress  ont  correctement  dvalud  la 
situation  et  foumi  une  tdaction  adapide.  Parmi  les  personnes 
sensibles  au  stress,  seul  un  tiers  a  pu  foumir  une  rdponse 
adaptde.  Pour  comprendre  la  rdaction  de  chaque  sujet,  il  est 
ndcessaire  d'en  dvaluer  I'dtat  psychophysiologique  en 
continu.  Ceci  est  rdalisd  par  I'analyse  des  signaux 
physioiogiques  prdsentds. 

Des  valeurs  dlevdes  de  rdsistance,  ddbit  el 
tempdrature  sent  synonymes  de  ddcontracbon  et  chutent  lots 
d’un  stress  ou  d'une  forte  charge  mentale.  Ces 
caraetdristiques  ont  maintes  fois  dtd  ddcrites  en  laboratoire 
ou  sur  stade,  it  I'occasion  d'exercices  de  tir  au  pistolel 
(Vemet  Maury  et  al  -  1990).  Elies  se  trouvent  ici  confirmdes 
pendant  une  phase  de  conduite  automobile  el  lors  d'une 
situation  d' accident.  Le  fait  d'utiliser  un  grand  nombre  de 
capteurs  de  mesures,  uniquement  pour  dvaluer  le 
comportement  du  conducteur,  permet  de  minimiser 
I'influence  des  facteurs  extenres  dans  une  expdrience  trds 
bruitde.  11  est  en  effet  difficile,  voire  impossible,  d'diiminer 
dans  ce  type  de  test  I'influence  de  facteurs  tels  que  les 
conditions  climatiques,  la  circulation  sur  le  site  d'essais  ou 
mdme  la  ddcouverte,  pour  la  majoritd  des  sujets,  du  site  et 
de  la  conduite  d'une  R2S. 

Les  trois  paramitres  physioiogiques  dtudids  dvolueni 
dans  le  mime  sens  au  cours  du  test  de  conduite,  avec 
pourtani  quelques  diffdrences  propres  i  chacun  d'entre  eux. 


Par  exemple,  la  tempdrature  dvolue  toujours  aprds  une 
certaine  latence  par  rapport  aux  autres  paramdtres.  Ce 
phdnomdne  est  simplement  du  &  I'hysierdsis  thennique  de  la 
peau.  Ces  variations  "inter-paramdtres"  sont  normales  car 
les  phdnomdnes  physioiogiques  enregistrds  sont  lids  mais 
diffdrents  et  excluent  une  redondance  systdmatique. 

Par  ailleurs,  le  fonctionnement  du  systdme  nerveux 
autonome  varie  d'un  sujet  &  un  autre.  Ceci  conduit  au  fait 
que  les  moyens  i  mettre  en  oeuvre  pour  I'dvaluer  devront 
etre  adaptds  &  chaque  individu  (Lacey  et  al.,  1953).  En 
effet,  certaines  personnes  manifesteront  plus  leur  variation 
comportementale  par  une  modification  de  la  valeur  de 
rdsistance  alors  que  d'autres  le  feront  plus  par  des 
fluctuations  du  ddbit  sanguin.  Ceci  impose  une  dtude  en 
paralldle  de  I'cnscmble  des  paramdtres.  Cependant  tous  les 
sujets  prdsenteront  des  valeurs  les  basses  possible  de 
rdsistance,  ddbit  et  tempdrature  en  cas  de  mobilisation  de 
I'attcntion  ou  -a  fortiori-  de  stress. 

Ceci  se  retrouve  dans  les  rdsultats  de  la  figure  3  ou 
I'apparidon  de  la  voiture  obstacle  consiitue  bien  dvidemment 
un  stress  par  rapport  d  la  pdriode  de  conduite  prdeddente.  A 
ce  moment  Id,  pour  I'ensemble  des  sujets,  les  valeurs  de 
rdsistance  et  de  ddbit  ont  considdrablement  chutd  ; 
I'dldvation  constante  de  la  tempdrature  au  cours  de  tout  le 
test  s'esi  trouvde,  elle  aussi,  stoppde  net. 

L'dtude  comportementale  conduit  d  la  meme 
conclusion  ;  seuls  les  sujets  dont  les  valeurs  de  rdsistance, 
ddbit  et  tempdrature  dtaient  suffisamment  faibles  se  sont 
bien  comportdes  face  au  stress  (figure  4).  Ce  qui  revient  d 
dire  que  seuls  les  conducteurs  qui  se  sont  suffisamment 
investis  ont  pu  rdagir  correctement.  Ou,  en  d'autres  termes, 
les  personnes  qui  dtaient  trop  ddeontraetdes  lorsque  la 
voiture  obstacle  leur  a  coupd  la  route,  n'ont  pu  faire  face  d  la 
situation  et  sont  rentrdes  dedans  de  plein  fouet . 

Les  valeurs  initiales  de  rdsistance  cutande,  de  ddbit 
sanguin  et  de  tempdrature  cutande  sont  intrinseques  d 
chaque  sujet.  Les  memes  valeurs  seront  recueillies  d'un 
examen  d  un  autre  si  le  sujet  sc  trouve  dans  le  meme  etat 
psychologique  (pas  de  fait  dmotionnel  ou  effort  physique 
rdeent)  et  se  trouve  placd  dans  le  meme  environnement. 
Cette  reproductibilitd  facilite  I'interprdtation  de  plusieurs 
essais  rdalisds  avec  le  mdme  sujet.  Par  contre,  dans  le  cas  de 
l'dtude  prdsentde  ici,  la  dispersion  des  valeurs  initiales 
recueillies  d'un  sujet  d  I'autre  (correspondant,  probablement 
pour  une  part,  d  son  degrd  de  ddcontraction  initiale), 
entraine  de  trds  grandes  valeurs  d'dcart-type.  La 
prdsentation  de  donndcs  exprimdes  en  terme  de  variation  par 
rapport  d  une  rdfdrence  de  ddpatt  aurait  permis  de  rdduire 
ces  dcart-types.  Les  auteurs  ont  cependant  prdfdrd,  pour  des 
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raisons  techniques,  presenter  des  r^sultats  exprimds  en 
valeurs  brutes,  au  detriment  d'une  variance  exag^r^ment 
grandie  et  limitant  la  significativite  de  I'interpretation.  Pour 
tenir  compte  de  ce  fait,  les  prochains  resuhats  seront 
exprim^s  en  pourcentage  par  rapport  i  une  reference  estim^e 
soit  au  repos,  soit  durant  la  conduite. 

La  figure  2  presente  I'influence  de  la  sensibilite  au 
stress  sur  la  performance  realisee.  La  figure  4  presente 
revolution  des  differents  parametres  physiologiques  en 
fonction  de  cette  performance.  De  meme,  il  serait  interessant 
de  verifier  I'hypothese  immediate  selon  laquelle  un  sujet 
donne  n'aurait  pas  reagit,  ou  mal  reagit,  face  i  la  situation 
accidentogene  car  il  aurait  ete  paralyse  par  la  peur  ou  par 
une  surcharge  emotionnelle.  Malheureusement,  la 
correlation  entre  les  resultats  des  tests  psychometriques  ei 
ceux  des  mesures  physiologiques  ne  peut  pas  etre  faite 
immediatement.  Les  resultats  presentes  ici  ne  sont  que 
preliminaires.  Le  traitement  des  donnees  continue  et 
diverscs  m^thodes  de  mise  en  forme  doivent  encore  etre 
testees.  11  convient  toutefois  de  rappeler  que  des  resultats 
contraires  ceux  attendus,  voire  contradictoires,  obtenus 
avec  diff^rents  parametrages  du  Systdme  Nerveux 
Autonome  (SNA)  en  reponse  i  diff^rentes  stimulations,  ont 
conduit  Mulder  ( 1973)  a  imagine  que  chaque  emotion  avait 
son  propre  profil  de  reponse  du  SNA.  Cette  hypothese  a  et^ 
pmuvee  dix  ans  plus  tard  par  Ekman  (1983) 


Conclusion 

Plusieurs  conclusions  doivent  etre  apportees.  Meme 
si  cette  partie  de  I'etude  a  ete  peu  explicitee  ici,  il  faut 
souligner  I'interet  de  TABS.  Lefficacite  de  ce  syst^me  esi 
reelle.  Sa  seule  presence  suffit  a  sauver  les  automobilistes 
places  dans  une  situation  similaire  dans  20  %  des  cas.  De 
plus,  une  formation  adaptee  permet  d'augmenter 
considerablement  son  efficacite. 

Un  grand  nombre  de  developpements  peuveni 
encore  etre  r^alis^s  i  partir  des  donates 
psychophysiologiques  recueillies.  11  semble  notamment 
int^ressant  de  considdrer  les  variances  des  parametres 
physiologiques  en  plus  de  leur  niveau.  l,a  mise  en  evidence 
de  relabons  entre  les  caracteristiques  des  sujets  revei^es  par 
les  tests  psycbologiques  et  par  les  reponses  physiologiques 
n'a  pu  etre  demontree  jusqu'i  present  par  la  litterature,  elle 
sera  pent  etre  facilite  par  le  fait  que  le  sujet  est  place  en 
situation  critique.  De  telles  relations,  si  elles  existent, 
permettront.  peut  etre,  entre  autre,  de  determiner  si 
I'hypothese  initiale  d  une  peur  paralysani  le  conducteur  et 
limitant  ses  reactions  est  verifiee  ou  non,  II  apparait  deji  que 


meme  dans  des  circonstances  experimentales  deiicates, 
telles  qu'un  vehicule  se  depla^ant  sur  un  circuit  ou  divers 
evenements  se  produisent,  il  est  possible  d'evaluer 
physiologiquement  le  niveau  de  stress  d'un  conducteur  et,  a 
fortiori,  pour  un  sujet  implique  soudainement  dans  une 
situation  d'accident.  Par  ailleurs,  il  est  possible  de  rattacher 
ces  mesures  a  une  notion  de  performance  dans  la  tache 
realisde. 
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1.  SUMMARY 

This  paper  shows  how  a  combination  of 
microprocessor-based  simulator 
technology  and  magnetoencephalo- 
graph ic / e 1 ectr oencepha lograph ic 
(MEG/EEG)  techniques  is  being  used  in 
a  program  of  research  focussing  on 
the  effectiveness  of  training  in 
precision  flying  in  order  to  prepare 
general  aviation  pilots  for  emergency 
situations  during  take-off  and 
landing.  The  simulator,  represent¬ 
ative  of  a  light  twin-engine 
aircraft,  affords  safe  low-cost 
experimentation.  Evoked  potentials, 
obtained  with  application  of  MEG/EEG 
techniques  and  interpreted  within  the 
context  of  an  information-processing 
model,  are  expected  to  add  sig¬ 
nificantly  to  information  obtained 
from  conventional  measures  of 
performance  and  workload.  The  basic 
procedure  in  the  series  of  studies  in 
question  involves  exposure  of 
experimental  groups  to  simulator- 
generated  formation  flying  scenarios, 
with  instructions  to  follow  the 
'leader'  pilot:  in  subsequent  test 
scenarios  requiring  tako-off  and 
landing  under  engine  failure  and 
turbulent  conditions,  the  performance 
of  experimentals  will  be  compared 
with  that  of  controls.  The  paper 
concludes  with  a  discussion  of  the 
safety  implications  of  outcomes  for 
general,  military,  and  commercial 
aviation. 


2.  LIST  OF  SYMBOLS 

CNV  Contingent  Negative 
Variation 

EEG  Electroencephalography 
EF  Evoked  Field 

EP  Evoked  Potential 

FTE  Flight  Technical  Error 

GA  General  Aviation 

IFR  Instrument  Flying  Rules 
MEG  Magnetoencephalography 
RT  Reaction  Time 


TDC  Transportation  Development 
Centre  of  Transport  Canada 
VFR  Visual  Flying  Ru^es 

3 .  INTRODUCTION 

In  general  aviation  (GA) ,  emergency 
situations  such  as  engine  failure  or 
entry  into  turbulence/windshear 
conditions  -  leading  as  they  often  do 
to  loss  of  control  resulting  in  a 
stall/spin  or  excessive  descent  rate 
of  the  aircraft  (1,2)  -  are  critical 
during  take-off  and  landing.  Under 
the  best  of  conditions,  workload  is 
high  for  these  operations  since  they 
require  the  pilot  to  process  complex 
inputs  to  the  brain  arriving  through 
different  sense  modalities  in  the 
presence  of  distraction.  When 
emergency  situations  occur  at  these 
times,  they  can  readily  lead  to 
accidents  not  only  because  they  add 
considerably  to  normally  high  work¬ 
load,  but  also,  and  perhaps  more 
importantly,  because  they  do  so  at  a 
time  when  proximity  to  the  ground 
requires  extremely  prompt  corrective 
action  with  virtually  no  margin  for 
error.  Serious  enough  in  Visual 
Flight  Rules  (VFR)  flying,  these 
situations  are  even  more  difficult  to 
manage  in  Instrument  Flight  Rules 
(IFR)  conditions  which,  in  general, 
entail  still  greater  workload.  The 
magnitude  of  the  problem  is  indicated 
in  the  most  recent  reports  of  GA 
accidents  in  Canada,  according  ■'“o 
which  almost  7u%  of  those  listed  are 
associated  with  take-off  or  landing 
and,  of  these,  some  30%  are  indeed 
due  to  a  loss  of  contol  resulting  in 
stall/spin  or  excessive  descent  rate 
(3,4) . 

Research  comprising  a  series  of 
studies  -  sponsored  jointly  by  the 
Transportation  Development  Centre 
(TDC)  of  Transport  Canada,  Concordia 
University,  and  Simon  Fraser 
University,  and  now  underway  in  its 
preparatory  stages  at  Concordia  -  is 


examining  the  possibility  that 
training  in  precision  flying  will 
enhance  pilot  preparedness  for  the 
safe  handling  of  emergency  manoeuvers 
of  the  kind  mentioned  above. 

■Mthough  currently  the  student  pilot 
is  provided  with  some  exposure  to 
such  situations,  training  practices 
nevertheless  tend  to  be  conservative, 
emphasizing  avoidance  of  stall/spins 
and  other  unusual  aircraft  behaviour 
(5).  The  underlying  notion  of  the 
research  outlined  in  this  paper  is 
that  familiarity  with  the  limits  of 
the  safe  operating  envelope  of  the 
aircraft  acquired  through  training  in 
precision  flying  will  not  only 
sensitize  the  pilot  toward  early 
recognition  of  imminent  loss  of 
control,  but  also  equip  him/her  with 
the  skills  needed  for  quick  and  safe 
recovery  when  a  stall/spin  or  other 
unusual  condition  nevertheless 
occurs.  A  case  in  point  is  found  in 
the  report  of  a  recent  accident  in 
which  incorrect  aileron  rigging 
caused  a  turboprop  twin  to  perform  an 
inadvertent  roll  in  excess  of  1-1/4 
revolutions  (6) .  The  report  comments 
that  aerobatic  (or  precision)  flight 
training  could  have  been  a 
significant  factor  in  avoiding  the 
accident.  Another  recent  example 
involves  a  single  engine  aircraft 
which  was  rolled  nearly  inverted  by 
severe  turbulence  during  landing 
phase;  in  this  case,  correct 
aerobatic  control  inputs  prevented  an 
accident  (7) . 

A  significant  feature  of  the  research 
in  question  is  that  it  involves  se 
of  (a)  a  low-cost  microprocessor- 
based  interactive  aircraft  simulator 
developed  at  Concordia  University 
(8) ,  thus  affording  a  safe 
environment  for  experimental 
procedures  and  promise  of  a  later 
safe,  cost-effective  training  tool, 
and  (b)  magnetoencephalographic/ 
electroencephalographic  (MEG/ EEC) 
techniques  developed  by  Weinberg  (y) 
that  are  expected  to  add  precision  to 
measurement  of  both  pe  -formance  and 
workload.  The  combination  of  the  two 
technologies,  currently  being  applied 
by  Concordia  in  the  development  of  a 
driving  simulator  for  TDC  (9,ir, 11), 
appears  readily  transf errable  to  the 
pilot  training  situation. 

In  the  paragraphs  below,  descriptions 
of  the  simulator  system  and  the 
MEG/EEG  measurement  approach  are 
followed  by  an  overview  of  experi¬ 
mental  procedures.  The  paper 
concludes  with  a  brief  description  of 
expected  outcomes  of  the  study  and 
their  implications  for  aviation 
training  and  accident  avoidance. 

4.  THB  COMCORDZA  SINDIATOR  SYSTEM 

As  the  simulator  is  fully  described 
in  other  literature  (8),  the  account 
presented  here  is  only  that  which  is 
sufficient  for  an  understanding  of 
how  it  is  being  used  in  the  research 


on  emergency  manoeuver  training. 
Figure  1  shows  the  system  components, 
these  comprising  (A)  simulator 
environment,  (B)  'main  frame’ 
microcomputer,  (C)  graphics  work 
station,  (D)  experimenter/ instructor 
work  station,  (E)  performance 
measurement  module,  and  (F) 
subject/trainee .  The  simulator  cabin 
has  the  appearance  of  a  Beech 
Duchess.  I,,  addition  to  functioning 
flight  instruments,  the  cabin  is  also 
equipped  with  instrumented  controls, 
force-feel  being  provided  by  a  semi¬ 
active  pneumo-hydraulic  system.  A 
video  projector  and  a  10°- 
horizontal/40°-vertical  screen,  as 
well  as  speakers  with  audio 
amplifiers  driven  by  digital  boards 
with  sound-storing/recall  capability, 
complete  the  simulator  environment. 

The  'main-frame'  computer  comprises 
an  Intel  SBC640  and  an  Olivetti  M24 
microprocessor  which,  together, 
accommodate  the  flight  dynamics 
model,  provide  inpuL/output 
functions,  and  allcw  the  experimenter 
/instructor  to  interact  with  the 
simulator.  The  graphics  station 
houses  an  Ins  312  0  which  acts  on 
output  from  the  flight  dynamics  model 
to  generate  the  interactive  scene 
viewed  by  the  subject/trainee .  The 
experimenter/ instructor  work  station 
is  equipped  with  a  keyboard  for  input 
to  the  main  frame  and  the  Iris,  along 
with  a  monitor  displaying  subject 
performance  output.  The  performance 
assessment  module  holds  a  data 
acquisition  system  for  collection  of 
both  behavioural  and  electro- 
physiological  data  generated  oy  the 
subject/trainee,  circuitry  for  EEG 
signal  conditioning,  anu  an  Olivetti 
M280  microprocessor  which  processes 
the  data . 

Although  the  simulator  has  no  motion 
base,  validation  tests  with 
experienced  pilots  in  the  Concordia 
Laboratory  have  produced  very 
positive  results  in  terms  of 
operational  fidelity  (12).  With 
avionics  based  on  the  Bendix/King 
Silver  Crown  system,  the  instrument 
panel  is  representative  of  a  well 
equipped  light  twin-engine  aircraft. 
Although  mechanically  based  and 
therefore  not  easily  reconfigured, 
the  displays  are  software  driven, 
thus  allowing  for  substantial 
flexibility  in  programming  different 
waypoints/approach  fixes  and  of 
adjusting  the  sensitivity  of  the 
display  heads.  Utilizing  data  for 
both  the  Beech  Duchess  and  the 
Grumman  Cougar,  the  aircraft  model  is 
based  on  flight  dynamics  principles  - 
as  is  the  case  for  large-scale 
simulators  -  so  that  the  flight 
characteristics  of  different  airplane 
configurations  and  types,  as  well  as 
system  failures,  can  be  easily 
simulated.  On  balance,  then,  the 
Concordia  flight  simulator  is  a  very 
suitable  device  for  carrying  out 
research  on  manoeuvers  too  dangerous 


to  conduct  in  the  field,  while  its 
use  of  low-cost  microprocessor 
technology  renders  it  promising  as  a 
safe,  cost-effective  part-task 
trainer  for  such  manoeuvers. 

S.  ME6/EE6  MEASUREMEirr  APPROACH 

5.1  The  infonnatlon-Processing  "Time 
Line"  Model 

By  generating  information  not 
available  in  behavioural  measures 
such  as  reaction  time  (RT) ,  deviation 
from  track,  numbers  of  errors,  and  so 
on,  use  of  MEG/EEG  technology  to 
obtain  direct  measures  of  brain 
function  is  expected  to  add 
measurement  precision  in  the  research 
described  later  in  the  paper.  A 
brief  description  of  the  information¬ 
processing  model  will  assist  in 
understanding  why  this  is  so.  This 
model  holds  that  human  responses  to 
external  situations  are  determined  by 
the  flow  of  information  through  the 
brain  (13).  It  is  commonly  agreed 
that  this  flow  consists  of  events 
such  as  attention,  detection,  short- 
and  long-term  memory  storage,  form 
discrimination,  recognition,  inter¬ 
pretation,  decision  as  to  the 
response,  and  preparation  of  an  overt 
response.  The  term  "flow"  seems  to 
imply  that  the  overall  process  is 
linear.  However  this  is  far  from 
true;  rather  it  appears  to  involve 
many  feedback  and  feed-forward  loops 
and,  further,  is  influenced  by 
motivation  and  the  general  state  of 
arousal  of  the  brain.  Nevertheless, 
it  is  convenient  to  think  in  terms  of 
an  information-processing  time  line 
as  representing  what  happens  between 
input  and  output.  Also,  it  is  clear 
that  data  relating  to  events  along 
this  time  line  would  provide 
extremely  useful  information 
regarding  how  well  an  individual  is 
processing  information  from  stimulus 
input . 

5.2  Use  of  EEG  and  the  Information- 
Processing  Time  Line 

In  the  study  at  hand,  evoked 
potentials  (EPs)  are  being  used  to 
obtain  information  about  cognitive 
events.  These  wave  forms  reflect 
changes  in  electrical  activity  in  the 
brain  occurring  in  response  to  a 
physical  or  cognitive  stimulus; 
because  they  are  so  small,  they  must 
be  extracted  from  the  noise  of  the 
ongoing  background  EEG  by  a  signal 
averaging  process  (14).  Evidence 
exists  to  the  effect  that  endogenous 
EPs  (those  whose  latency,  morphology, 
and  amplitude  are  dependent  only  on 
cognitive  stimuli)  can  be  indexed  to 
cognitive  events  in  the  brain  (15). 
Figure  2  illustrates  in  idealized 
form  how  these  wave  forms  can  be 
rel»*'ed  to  the  inf  .rmat ion-processing 
time  line  along  which,  according  to 
the  model,  such  events  occur. 
Characteristics  of  certain  EPs  - 
principally  P300  and  the  contingent 
negative  variation  (CNV)  -  are  IBeing 
used  with  the  TDC  driving  simulator 


as  measures  of  perceptual  and 
cognitive  capability  for  the 
assessment  of  driving  potential  (9) . 
Success  in  this  instance,  as  well  as 
in  previous  research  (16) ,  augurs 
well  for  their  use,  in  combination 
with  various  behavioural  indices,  as 
measures  of  performance  in  both  the 
training  and  test  conditions  of  the 
aviation  studies  in  question. 

Further,  in  light  of  evidence 
indicating  promise  for  EEG  approaches 
in  the  everlasting  search  for  more 
reliable  measures  of  workload  - 
especially  in  terms  of  their  non- 
intrusiveness  and  ability  to  show 
increases  in  stress  of  which  the 
pilot  is  unaware  (17)  -  EPs  will  be 
used  also  to  measure  the  effects  of 
workload  manipulations  during  test 
and  training  conditions. 

Finally,  because  use  of  EPs  implies 
that  a  testee's  problems  in 
responding  to  stimuli  can  be  pin¬ 
pointed  to  events  on  the  information¬ 
processing  time  line,  it  follows  that 
amplitudes  and  latencies  of  these 
wave  forms  contain  the  essential 
information  for  designing  cognitive 
training  exercises  specifically 
tailored  to  an  individual's  needs, 
and  for  assessing  progress  as 
practice  takes  place.  For  example, 
if  it  were  inferred  from  low 
amplitude  P300  responses  that  an 
individual's  poor  external 
performance  was  due  to  difficulty  in 
updating  memory,  then  that  individual 
could  be  administered  specially 
designed  memory  update  tasks,  and  his 
or  her  progress  during  practice  could 
be  monitored  by  examining  the 
amplitude  of  P300  responses. 
Accordingly,  EPs  will  be  used  in  this 
context  in  the  emergency  manoeuver 
research  discussed  in  an  exploratory 
attempt  to  determine  whether  a 
cognitive  training  procedure  might  be 
a  cost-effective  way  of  bringing 
deficient  performance  up  to  an 
acceptable  level. 

5.3  Oae  of  MEO  Technology 

Unlike  volume  currents,  magnetic 
fields  (which  result  from  the 
electrical  fields  producing  the  EPs), 
are  not  attenuated  or  distorted  as 
they  pass  through  the  tissues  of  the 
head.  For  this  reason,  evoked  fields 
(EFs)  generate  even  more  accurate 
signals  than  do  EPs  about  information 
processing  taking  place  in  the  brain, 
and  source  localization  is  more 
accurate  (16) .  Unfortunately, 
however,  MEG  apparatus  at  this  stage 
of  its  evolution  is  extremely 
cumbersome,  consisting  as  it  does  of 
(i)  a  gantry  system  supporting  a 
large  dewar  containing  super¬ 
conducting  sensors,  a  noise  balancing 
system,  and  liquid  helium  that  cools 
the  superconducting  materials  to  room 
temperature,  as  well  as  of  (ii) 
computers  for  controlling  the  gantry 
and  processing  the  data.  Figure  3 
shows  a  diagrammatic  representation 
of  the  dewar  for  a  100-channel  system 


being  developed  by  CTF  Systems  Inc. 
and  the  Brain  Behaviour  Laboratory  of 
Simon  Fraser  University  (with  funding 
assistance  from  the  Defence  and  Civil 
Institute  of  Environmental  Medicine, 
TDC,  the  Department  of  Supply  and 
Services,  and  the  B.C.  Institute  of 
Science  and  Technology) .  Because  in 
the  case  at  hand  this  apparatus 
resides  in  Vancouver  while  that  for 
the  simulator  is  in  Montreal,  MEG 
techniques  will  be  used  largely  for 
source  localization  purposes,  the  aim 
being  to  assist  in  reducing  the 
number  of  electrodes  required  for  EP 
data  collection  and  to  arrive  at 
their  configuration.  To  this  end, 
paradigms  for  experiments  using  the 
simulator  will  be  mocked  up  and 
simplified  to  a  degree  manageable 
with  the  MEG  apparatus.  Some  EP/EF 
comparisons  will,  however,  be  made. 

6.  FRELIMIMMIY  RESEARCH  DESIGN 
APPROACHES 

The  series  of  experimental  studies 
comprising  the  emergency  manoeuver 
training  research  program  is  now  only 
in  its  preparatory  stages  during 
which  system  modifications  are  being 
made,  integrating  software  is  being 
developed,  training  and  test 
scenarios  are  being  designed, 
relevant  graphical  experimentation  is 
being  undertaken,  and  procedures  for 
the  various  studies  are  being 
structured  and  refined.  What  can  be 
said  about  the  research  design  at 
this  writing  is,  first,  that 
experimental  and  control  groups  will 
be  involved  in  training  and  test 
conditions.  Basic  procedures  will 
require  experimental  pilots  to  be 
•trained*  through  exposure  to 
simulator-generated  formation-f lying 
scenarios  under  various  levels  of 
workload,  their  task  being  to  follow 
a  'leader'  pilot.  Control  pilots 
having  the  same  level  of  experience 
as  experimental  counterparts  are  to 
be  exposed  for  an  equal  length  of 
time  under  the  same  levels  of 
workload  to  different  scenarios,  each 
of  these  involving  a  task  unrelated 
to  precision  flying.  Subsequently, 
both  groups  will  undergo  testing  on 
flying  performance  during  exposure  to 
scenarios  requiring  take-off  and 
landing  under  conditions  of  engine 
failure  and  extreme  turbulence.  Both 
VFR  and  IFR  conditions  are  being 
incorporated  into  the  overall  design. 
Workload  manipulations  -  to  be 
imposed  at  normal,  moderate,  and  high 
levels  -  Include,  but  are  not  limited 
to,  those  involving  approach  geometry 
and  sensitivity  of  the  instrument 
panel . 

In  the  training  condition,  the  main 
dependent  variables  are  RT  to  cue 
stimuli  and  deviation  from  the  flight 
path  of  the  'leader'  pilot  -  in  the 
test  condition,  RT  to  cue  stimuli  and 
deviation  from  the  flight  path  of  an 
unseen  'expert'  pilot.  Other 
important  performance  variables. 


those  relevant  to  flight  technical 
error  (FTE) ,  include  cross  track 
error  and  variation  in  airspeed, 
altitude,  and  heading.  In  all  cases, 
these  data  will  be  analyzed  and 
interpreted  (likely  using  some  sort 
of  neural  net  model)  in  combination 
with  amplitudes  and  latencies  of  P300 
and  the  CNV,  the  paradigms  being  set 
up  for  interpretation  of  the  former 
as  memory  update,  the  latter  as 
attention,  general  capacity  to 
perform,  and  degree  of  workload 
experienced.  Although  the  main 
thrust  of  the  study  will  be  to 
determine  the  effectiveness  of 
training  in  precision  flying  in 
handling  emergency  flight  conditions, 
considerable  attention  will  also  be 
given  to  the  relationship  of  workload 
to  FTE.  Additionally,  as  mentioned 
earlier,  amplitudes  and  latencies  of 
P300  and  the  CNV  will  be  used  to 
design  cognitive  training  exercises 
specifically  tailo'^ed  to  problems  of 
deficient  performer^  ar,  ’  to  monitor 
their  performance  dut  .  '.c  practice  of 
these  exercises.  The  aim  here  is  to 
make  a  preliminary  assessment  of  the 
utility  of  this  approach  in  bringing 
such  performers  up  to  acceptable 
levels. 

7.  CONCLUSION 

The  authors,  all  of  whom  have  flying 
experience,  strongly  suspect  that 
outcomes  of  the  study  will  support 
the  contention  that  training  in 
precision  flying  would  indeed  enhance 
pilot  ability  to  handle  emergency 
situations  resulting  in  unintended 
aircraft  behaviour  under  both  VFR  and 
IFR  conditions.  The  obvious 
implication  for  general  aviation 
relates  to  a  possible  modification  of 
existing  training  curricula.  However 
it  is  expected  that  outcomes  will 
permit  generalization  to  military  and 
commercial  training  practice.  The 
studies  are  expected  also  to 
demonstrate  the  effectiveness  of  EPs 
(i)  as  measures  of  not  only 
performance  but  also  of  pilot 
workload,  particularly  as  it  relates 
to  distraction,  avionics  display 
design,  and  the  geometry  of  landing 
approaches,  and  (ii)  as  keys  to  the 
design  of  cognitive  training 
exercises  that,  by  bringing  less- 
than-optimal  performers  up  to 
acceptable  levels,  may  reduce  costs 
of  training. 

Another  extremely  important  outcome 
of  the  series  of  studies  relates  to 
the  simulator  technology  itself. 
Systems  engineering  carried  out  in 
order  to  configure  the  simulator 
suitable  for  experimental  procedures 
will  in  fact  have  rendered  it  a 
prototype  part-task  simulator  for 
safe,  cost-effective  training  and 
testing  in  the  area  of  emergency 
situations.  The  singular  advantage 
of  such  a  tool  is  that  it  allows  the 
student  pilot  to  undertake  frequent 
practice  at  his/her  own  pace  without 


harm  to  self  or  aircraft  and, 
thereby,  to  acquire  operational  skill 
important  for  accident  prevention  in 
an  efficient  cost-saving  way. 

In  su:.  it  is  anticipated  that 
innovative  application  of  the  micro- 
pj^ocessor  simulator  technology 
combined  with  MEG/EEG  measurement 
techniques  will  generate  a  wealth  of 
information  with  important  impli¬ 
cations  for  safety  in  the  areas  of 
general,  military,  and  commercial 
aviation. 
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Figure  3 .  Schematic  Representation  of  a  60-100  Channel  MEG  System 
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ABSTRACT 


Le  relachement  de  I’attention  du  sujet  accroit 
la  probability  de  survenue  d’erreurs  mineures 
dont  I’absence  de  dyfection  et  I’accumulation 
sont  susceptibles  de  conduire  a  1’ incident. 

Mulder,  Vicente,  Moray  et  d’autres  auteurs 
ont  montry  I’intyret  de  I’ytude  du  spectre  de 
puissance  du  rythme  cardiaque,  et  plus 
particuliyrement  de  la  bande  de  fryquence  0.05 
-  0.15  Hz  dans  I’yvaluation  de  I’effort  mental 
du  sujet.  Nous  avons  prycydemment  montry 
I’existence  d’une  correspondance  entre  des 
mesures  de  la  variability  cardiaque  dans  le 
domaine  temporel,  et  I’yvaluation  subjective 
de  la  charge  de  travail  du  pilote.  Celle-ci  est 
essentiellement  une  charge  de  travail  mental, 
dont  les  principales  composantes  sont  la 
pression  du  temps,  le  stress  et  Teffort  mental. 

Nous  avons  poursuivi  cette  ytude  du  rythme 
cardiaque  du  pilote,  dans  le  domaine 
fryquentiel,  et  dyveloppy  un  programme 
d’analyse  du  spectre  de  puissance  de  la 
fryquence  cardiaque  tenant  compte  des  limites 
apportyes  par  I’ytude  d’un  signal  discret. 
L’enregistrement  de  la  fryquence  cardiaque  est 
effectuy  au  moyen  d’un  systyme  de 
monitoring  ambulatoire  et  associy  ^  une 
observation  synchrone  de  I’activity  du  sujet. 

Cette  mythode  a  6t€  appliquye  ^  des 
enregistrements  effectuys  au  cours  de  tests 
psychophysiologiques  en  laboratoire  et  au 


cours  de  situations  ryelles  de  pilotage  de 
diffyrents  appareils.  Les  rysultats  obtenus 
montrent  la  sensibility  de  I’ynergie  spectrale 
du  rythme  cardiaque  dans  la  bande  de 
fryquence  0.05  -  0.15  Hz,  ^  I’effort  mental  du 
sujet. 

Cependant,  I’ynergie  spectrale  dans  cette 
bande  de  fryquence  n’est  pas  con-yiye  ^  la 
difficulty  de  la  tache,  ni  ^  la  performance. 

Certains  sujets  relachent  leur  effort  mental 
lorsque  la  difficulty  de  la  tache  leur  parait 
excessive,  d’autres  le  maintiennent  ou 
I’augmcnient  sans  pour  autant  amyiiorer  leur 
performance. 

L’augmentation  ou  1’ absence  de  diminution  de 
rynergie  spectrale  du  rythme  cardiaque  devant 
une  tache  de  difficulty  accrue,  ou  lors  de 
taches  relatives  ^  la  sycurity  du  pilotage  de 
I’appareil  pourrait  constituer  un  facteur 
favorisant  la  survenue  d’erreur  et  augmentant 
la  probability  d’incident  ou  d’accident. 
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RESUME  Le  D6partement  des  Sciences  de 
I'Environnement  de  RENAULT  6tudie  un  systfeme  de  detection 
des  baisses  de  vigilance  du  conducteur.  Embarqu^  dans  le 
v^hicule,  celui-ci  aura  pour  role  de  pr^vcnir  le  conducteur  de 
toute  deterioration  de  son  etat  de  vigilance.  Le  priiicipe  est  base 
sur  I'analyse  en  temps  reel  des  mouvements  que  le  conducteur 
impose  ii  son  volant.  La  conception  d’un  tel  systeme  necessiie, 
dans  une  phase  d 'etude,  de  connaitre  ^  tout  instant  le  niveau  de 
vigilance  du  sujet  ^  panir  de  signaux  physiologiques,  ceci  afin 
de  determiner  les  parametres  du  signal  Angle  Volant  qui  seront 
aptes  k  s’y  substituer  pour  distinguer  deux  etats  de  vigilance. 
Nous  exposons  ici  une  methode  permettant  la  definition  d’une 
reference  physiologique  du  niveau  de  vigilance  du  conducteur. 
fondee  sur  I’approche  compiementaire  de  I'eiectro- 
encephalographie  (EEG),  de  I'electro-oculographie  (EOG)  el  de 
I'analyse  comportementale  par  I'imagerie  video.  L' analyse  de 
revolution  des  schemas  oculographiques  ameiiore 
significativement  la  detection  precoce  de  I'hypo-vigilance. 
Grace  i  la  connaissance  de  cette  reference  physiologique,  nous 
presentons  ensuite  les  resultats  obtenus  sur  le  signal  Angle 
Vh>lant  en  terme  de  detection  de  I'hypo-vigilance. 

I  -  INTRODUCTION 

La  fatigue  est  tesponsable  en  France  de  26  % 
des  accidents  monels  survenant  sur  autorouie.  La  pene  de 
contrdle  du  vehicule  peut  etre  la  consequence  d'un 
assoupissement  dont  le  conducteur  n'a  pas  pris  conscience 
suffisamment  tot,  malgri  I'existence  de  nombreux  signes 
precurseurs  de  cet  etat.  Le  Depanement  des  Sciences  de 
I'Environneinent  de  RENAULT etudie  actuellement  un  systeme 
embarque  de  detection  des  baisses  de  vigilance  dont  le  but  est  de 
prevenir  le  conducteur  le  plus  tot  possible  de  toute  deterioration 
de  son  etat  de  vigilance.  Cette  aide  i  la  conduite  ne  doit  pas 
exiger  de  la  pan  du  conducteur  de  tache  suppldmentaire 
specifique  i  la  surveillance  de  I'etat  de  vigilance,  mais  doit  iuc 
inherent  i  la  tiche  de  conduite.  Le  principe  est  base  sur 
I'analyse  en  temps  reel  des  mouvements  que  le  conducteur 


impose  ^  son  volant.  Un  micro- processeur  compare  i  tout 
instant  les  valeurs  prises  par  cenains  parambtres  issus  du  signal 
Angle  Volant,  avec  les  valeurs  d'une  reference  dite  de  “Haute 
Vigilance”,  e-ircgistri-  ;  ■  e;  .aij  le  en  debut  dc  parcours.  Les 
parametres  choisis  doivent  etre  caracteristiques  des  differences 
existam  entre  un  signal  de  haute  vigilance  et  un  signal  de  basse 
vigilance.  11s  mettent  notamment  en  evidence  les  modifications 
intervenant  sur  la  precision  des  corrections  de  cap  [  1 ). 

Nous  developpons  ici  la  phase  d’etude  d'un 
tel  systeme,  visant  k  obtenir  une  reference  physiologique  fiable 
du  niveau  de  vigilance  du  conducteur.  En  effet,  ce  niveau  doit 
etre  connu  de  faifon  objective  afin  d’etre  en  mesure  de 
determiner  les  parametres  issus  du  signal  Angle  Volant,  suivant 

au  mieux  les  fluctuations  de  la  vigilance  [2],  Nous  allons  done 
presenter  une  methode  d’analyse  des  signaux  physiologiques 
foumissant  le  niveau  de  vigilance,  k  partir  d’enregistrements 
realises  sur  simulateur  de  conduite. 

2  -  PRQTOCQLE  EXPERIMENTAL 

Les  cssais  se  sont  derouies  sur  le  simulateur 
de  conduite  Suedois  du  VTI  (Vehicule  Traffic  Institute)  afm 
d’obtenir  sans  danger  el  en  peu  de  temps  des  baisses  de 
vigilance  marquees.  Avec  4  degres  de  liberte,  ce  simulateur 
permettait  aux  sujets  dc  ressentir  des  impressions  proches 
d'une  conduite  leclle. 

27  sujets  ages  de  22  &  56  ans  (moyenne  = 
.30,5  ans,  dean-type  =  8,18),  dont  16  hommes  el  1 1  femmes  ont 
ete  selectionnes  sur  leur  propension  i  emettre  des  ondes  alpha 
les  yeux  fermes.  La  duide  maximale  de  conduite  dtait  fixee  i  3 
heures  mais  pouvait  dtre  plus  courte  si  le  sujet  effectual!  une 
sortie  de  route  de  longue  durde,  ce  qui  stoppait  le  simulateur. 
Un  film  de  route  tris  monotone  &  2  voies,  sans  intersection  ni 
vehicule,  realise  par  images  de  synthdse  leur  dtait  projetd.  Le 
parcours  consistait  en  un  circuit  boucld  d'une  longueur  de  36 
Km,  comprenant  70  %  de  lignes  droites  et  30  %  de  virages  It 


<>2-2 


irts  grand  rayon  de  courburc.  La  consigne  donnie  aux  sujei-> 
^ait  de  maintenir  le  v6hicule  sur  la  voic  de  droite  h  une  vitesse 
comprise  entre  100  et  120  Km/h. 

Deux  sdries  de  signaux  itait  enregistrtes  sur 
bande  magn^tique  : 

des  signaux  m^canioues  :  Angle  Voiant,  vitesse  volant, 
Vitesse  du  v^hicule,  couple  volant,  courbure  de  la  route,  frein, 
clignotanB,  position  latdrale  du  v^hicule 

des  signaux  phvsiologiques  :  2  voies  EEC  pariito 

occipitales,  2  voies  EOG  (verticale  et  oblique) 

De  plus,  une  camdra  filmait  pendant  tout 
I’essai  le  visage  du  conducteur,  ainsi  que  ses  bras  et  la  partie 
superieure  du  tronc.  Ce  film  permet  la  detection  de  I’hypo- 
vigilance  grace  ^  une  analyse  comportementale. 

Nous  disposons  done  d’une  importante 
banque  de  donnees  qui  nous  permet,  dans  un  premier  temps, 
d’6tablir  une  rdKrence  physiologique  du  niveau  de  vigilance  du 
conducteur.  9  sujets  sur  27  se  sont  endormis  et  sont  sortis  de  la 
route  :  leur  durde  de  conduitc  varie  entre  46  minutes  et  2  heures 
16  minutes.  Les  18  experimentations  restantes  (sans 
indormissement)  ont  durd  entre  2  heures  et  2  heures  5K 
minutes.  Ces  enregistrements  nous  donnent  done  la  possibilili- 
d’dtudier  tous  les  stades  de  vigilance  entre  I’dveil  et  le  sommeil. 

3  .  ETABLISSEMENT  DE  LA  REFERENCE 
PHY.StOLQfllQUE  FQLRNISSANT 
LE  NIVEAU  PE  VIGILANCE 

3-1  INDICES  PHYSIOLOGIOLES 

PERTINENT.S 

De  nombreux  auteurs  ont  ddcrit  les 
modifications  intervenant  noutmment  sur  les  signaux  dlectro- 
encdphalographiques  (EEC)  el  dlectro-oculographiques  (EOG) 
lorsque  la  vigilance  ddcroit. 

Le  signal  EEC  est  classiquement  utilisd 
comme  indicateurdu  niveau  de  vigilance  d'un  sujet  |3|,  {4|, 
IS].  En  effet,  de  nettes  modifications  du  conienu  frdquentiel  de 
ce  signal  sont  observdes  lors  du  passage  de  I'd  veil  i  un  stade 
d’hypovigilance,  puis  it  la  somnolence  et  enfin  au  sommeil. 
Pour  les  stades  d’hypovigilance  et  de  somnolence  qui  nous 
imdressent,  I’analyse  des  bandes  de  frdquence  bdta  (12  i  25 
Hz),  alpha  (8  i  12  Hz)  et  thdta  (4  it  8  Hz)  semble  la  plus 
adapide.  Un  ralentissement  des  ondes  cdrdbrales,  exprimd  par 
une  augmentation  du  pourcentage  des  ondes  alpha  au  ddtriment 
des  ondes  bdu  caraetdristiques  de  I'dveil  actif  est  observd  cr 
concomittance  d’un  ddclin  des  performances.  Les  correlation' 
entre  la  performance  et  les  indices  EEG  sont  significatiis  :  ellei 
sont  positives  avec  I’activitd  bdta  et  ndgatives  avec  les  activ.tds 
alpha  et  theta. 


Les  caraetdristiques  du  signal  EOG  se 
modifient  dgalement  dnormdment  en  fonction  du  niveau  de 
vigilance  [4],  [6],  [7],  [8].  Les  mouvements  oculaires  lents 
(MOL)  s’averent  ecre  I’un  des  signes  les  plus  caraetdristiques  de 
la  phase  de  transition  entre  I’dveil  et  le  sommeil.  Diffdrents  des 
mouvements  oculaires  volontaires  de  I’dveil,  ils  sont  ddcrits 
comme  des  mouvements  pendulaires  de  gauche  i  droite  [7]  et 
sont  associds  4  une  cunvergence  des  yeux.  Sur  le  signal  EfXj, 
ils  se  traduisent  par  des  ddflexions  Icntes  duratu  d'une 

se>.onde  et  d’au  moins  100  microvolts  d’amplitudc  16).  i^ur 
ddtection  est  optimisde  par  I’emploi  de  ddrivations  EOG 
horizontales  ou  obliques  qui  sont  des  composantes  trds 
sensibles  aux  variations  fines  de  la  vigilance  [8|.  Les  MOL  sont 
ddtectds  en  grand  nombre  lors  du  stade  1  de  sommeil  mais 
apparaissent  dgalement  duram  la  longue  pdriode  sdparam  I’dveil 

du  sommeil  (7).  Leur  amplitude  est  moddrde  au  ddpan  mais 
augmente  avec  le  degrd  de  somnolence  [4|.  Sur  des  conducteurs 

de  train  effectuant  de  longs  trajets,  il  a  dtd  remarqud  que  la 
proportion  des  MOL  augmentait  nettement  avec  la  survenue  de 
la  somnolence  alors  que  le  nombre  de  clignements  palpebraux 
diminuait  [6].  Des  dtiides  en  laboratoire  ont  montrd  que  le 
pourcentage  de  MOL  croit  continument  pendant  loute  la  pdriode 
d’dveil  prdeddeni  le  stade  1  de  sommeil,  qu’il  reste  constant  et 

dievd  pendant  tout  le  stade  1  puis  ddcroit  lors  du  satde  2  [7]. 
D’autres  auteurs  dderivent  les  activitds  oculaires  d’dveil  comme 
des  mouvements  amples,  rapides  et  trds  frdquents  (clignements 
palpdbraux,  mini-saccades).  Le  ddbut  de  la  pdriode  de  transition 
fail  apparaitre  des  mouvements  oculaires  lents  d’amplitude 
moyenne,  la  frdquence  des  clignements  diminue.  Le  vdritable 
stade  de  somnolence  est  caraetdrisd  par  des  MOL  de  grande 
amplitude  [8].  La  transition  entre  I’dtat  de  veille  et  le  stade  1  du 

sommeil  est  done  ponctude  par  une  sdquence  d’dvdnements 
oculaires  dont  la  premidre  manifestation  est  la  disparilion  des 
mouvements  caraetdristiques  de  I’dlat  de  veille  active. 

n  semble  done  qu’une  ddfinilion  correcie  de 
cette  pdriode  de  transition  ne  puisse  se  baser  uniquement  sur  le 
signal  EEG  et  que  I’analyse  simultande  du  signal  ECX)  soil 
indispensable  4  I’obtention  d'une  ddfinilion 

dlectrophysiologique  fiable  |4j. 

3-2  ETUDE  COMPORTEMENTALE 

En  compidment  de  I’analyse  des  signaux 
diectro-physiologiques,  I’dtude  du  facteur  comportemental 
s’avdre  dtre  un  puissant  outil  pour  la  ddtection  de  I’hypo- 
vigilance.  Dans  notre  cas,  les  diffdrentes  manifestations 
comportementales  peuvent  dtre  enregistrdes  en  filmant  en 
continu  le  visage  du  sujet  ainsi  que  les  segments  cor-iorels 
impliquds  dans  la  tdche  de  conduite.  A  partir  de  ce  film,  une 
lisie  des  componements  peut  dtre  dtablie. 

()ue  ce  soit  dans  le  domaine  de  I’dthologie  ou 
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de  I’ergonomie,  de  nombreux  auteurs  se  sent  intdresses  - 
I’analyse  comportementale  et  ont  dderit  un  certain  nombre 
d'activitds  subsidiaires  non  necessaires  a  la  realisation  de  la 

tache  demandee  (9|,  [101 ; 

aedvites  ludiques 

-  mouvements  de  confort :  differents  ajustements  de 
posidon 

mouvements  auto-centres  ou  audsdques  [111.  Ce 
type  d’acte  moteur  correspond  ^  un  mouvement  de 
ou  des  deux  mains  du  sujet  vers  son  propre 
cOTps  (grattement,  tapotement,  rongement  des 
ongles  par  exemple). 

L’etude  de  ces  activites  subsidiaires. 
egalement  qualifiees  de  collaterales  [12],  s’av^re  d’un  grand 

interet  pour  la  comprehension  des  efTets  d’une  tache  tepeddve  et 
monotone.  Elies  sont  souvent  considerees  comme  le  reflet  de 
I'inadequation  entre  les  capacites  du  sujet  li  un  instant  donne  et 
la  tache  demandde. 

J-3  RESULTATS 

Nous  presentons  ici  une  methode  perniettani 
la  caracterisation  du  niveau  de  vigilance  du  sujet.  Celle-ti  est 
basee  sur  I’analyse  d’une  part  des  signaux  EEC  et  EOG  qui 
contiennent,  comme  nous  I’avons  vu  precedemment,  une 
grande  part  de  I’information  recherchee,  d’autre  part  du  film 
video  representant  le  conducteur.  L’ association  de  ces  trois 
sources  d’informaiion  doit  pouvoir  permettre  d’acceder  de 
maniere  fiable  au  niveau  de  vigilance  recherche.  Cette  methode 
est  entierement  manuelle,  nous  n'avons  pas  cherche  a  effectuer 
un  traitement  automatise.  En  effet,  I’etablissement  de  la 
reference  physiologique  peut  etre  realise  en  temps  differe.  en 
laboratoirc.  puisqu'elle  ne  concemc  que  la  phase  d'etude  de 
none  systdme.  D'autre  part.  I'analyse  comportementale  ne  peut 
techniquement  pas  etre  envtsagee  de  fas'on  automatique  4 1’heuic 
actuclle,  alors  qu'un  traitement  manuel  fournit  des  resultats 
fiables. 

La  methode  consiste  dans  un  premier  temps  a 
etudier  en  details  le  film  video  :  tris  riche  en  informations,  il 
comporte  un  grand  nombre  d'indices  comportementaux 
permettant  de  decrire  I'etat  de  vigilance.  Nous  construisons 
ainsi  un  etbogramme  en  codant  chaque  item  comportemental 
puis  en  le  tianscrivant  diiectement  sur  le  trace  des  signaux  EEC 
et  EOG.  Nous  disposons  done  a  tout  instant  de  la 
correspondance  entre  {'aspect  componemenlal  et  I'aspect 
physiologique.  Une  analyse  des  signaux  EEC  et  EOG  est 
ensuite  pratiquee  et  I'ensemble  de  ces  rtsuliats  permet  de  dtfinir 
une  classification  en  cinq  niveaux  de  vigilance. 

AnaWae  eomiwirteiiientale 

En  g^n^ral,  le  comportetrent  du  sujet  tvolue 
nettement  au  cours  de  t'exp^memation.  En  (Kbsit  d'essai,  k- 


sujet  est  concentre  sur  ses  laches  ;  maintien  de  la  trajecioire  et 
maintien  de  la  consigne  de  vilesse.  II  regarde  soil  la  route,  soil 
le  compteur  vitesse.  11  se  tient  droit,  les  deux  mains  placees  sur 
le  volant.  Ce  sont  des  p^riodes  de  grande  activity,  pendant 
lesquelles  le  sujet  est  tonique,  tout  particulierement  pendant  la 
phase  d’apprentissage  des  taches. 

Un  Episode  d’hypo-vigilance  est  caracteris^ 
par  une  modification  de  ce  comportement.  On  peut  alors 
observer  diffdrents  ph6nom6nes  qui  apparaissent  de  plus  en 
plus  souvent  au  fur  et  ^  mesure  que  la  vigilance  baisse  et  qui 
monirent  que  I’attention  du  sujet  se  porte  progressivement  sur 
des  points  autres  que  la  t^he  qui  lui  a  6te  fixee  : 

-  mouvements  sur  le  sifege  ;  redressements, 
modifications  de  la  posture  et  de  la  position  par 
rappon  au  dossier  et  ^  I’appui-tete 

-  mouvements  des  bras  ;  modification  de  la  position 
des  mains  sur  le  volant,  conduite  d’une  seule  main 

-  mouvements  de  la  tete  ;  regards  vers  I’exterieur, 
recherche  d’un  autre  centre  d’intiret  que  la  route 

-  mouvements  auto-centr^s 
haillemenis,  soupirs  ... 

La  frequence  des  regards  vers  le  compteur 
vitesse.  indiquant  que  le  sujet  est  concentre  sur  la  consigne  de 
maintien  de  la  vitesse,  est  Egalement  un  indice  reveiateur  du 
niveau  de  vigilance.  En  effet,  on  observe  que  la  diminution  du 
nombre  de  ces  regards  est  6troitemeni  li6e  &  I’apparition  de 
I’hypovigilance  et  associ^e  k  une  nette  augmentation  de  la 
variability  de  la  vilesse  autour  de  la  valeur  de  consigne. 

Analyse  du  signal  EEG 

Elle  est  effeclude  de  fa^on  classique. 
L’ apparition  de  la  somnolence  est  indiquye  chronologiquement 
par  une  diminution  du  taux  d’ondes  beta  suivie  de  1 'apparition 
des  ondes  alpha,  puis  de  leur  disparition  progressive  au  profit 
des  ondes  theta. 

Analyse  du  signal  EOG 

L’  ensemble  des  yv^nements  suivants  peut 
ytre  repyry  sur  le  signal  ECXj  au  cours  d’un  cssai : 

-  clignements  palpybraux 

-  fermetures  franches  de  paupiyres 

-  regards  k  droite  ou  &  gauche 

-  regards  vers  le  compteur  vitesse 

-  rotations  des  yeux  lors  d’ypisodes  d’hypo- 
vigilance  (associds  ou  non  k  des  MOL). 

La  raideur  des  fionts  de  montye  et  de  descente 
du  signal  renseigne  sur  la  rapidity  des  mouvements.  Cet  indice 
est  gynyralement  bien  ryvyiateur  du  niveau  de  vigilance.  La 
Figure  1  prysente  des  exemples  typiques  de  quelques 
mouvements  ocuUires. 
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Figure  1 :  Les  difKrents  mouvements  des  yeux  traduits  sur  le 
signal  EOG  (sujet  n”  2)  -  a  -  clignement  palpdbtai 
b  -  fermeture  de  paupiires  avec  temps  d’anet  yeux  fermds  trts 
court  •  c  -  fermeture  de  paupidre  de  plus  de  2,5  sec. 
d  -  contrdle  compteur  vitesse 
e  •  rotations  dcs  yeux  lors  d’un  dpisode  d'hypo-vigilance, 
assocides  It  des  fermetures  partieUes 


Cette  classification  doit  etre  etablie  en  continu 
sur  tout  I'essai,  de  fa9on  ^  connaltre  4  tout  instant  le  niveau  de 
vigilance  du  conducteur.  Nous  ddfinissons  5  niveaux  : 


-  Niveau  1  : 

Haute  vigilance.  Le  conducteur 
est  en  plein  possession  de  ses 
moyens 

-  Niveau  2~ 

:  Niveau  d'hypo-vigilance  trds 
prdcoce  (premiers ;  ignes) 

-  Nivgau  2 

:  Niveau  d'hypo-vigilance  prdcoce 

-  Niveau  3 

;  Niveau  d'hypo-vigilance 
prononede 

-  Niveau  4 

:  Stade  final.  Le  conducteur  semble 

dotmir 

La  nature  des  dvdnements  oculaires  se  modiru- 
fortement  en  fonction  de  la  vigilance.  Un  tracd  de  haute 
vigilance  ne  compoite  que  des  clignements  palpdbraux  et  des 
regards  vers  le  con^teur  vitesse.  Les  mouvements  sont  rapides. 
les  fronts  de  montde  et  de  descente  sont  presque  verticaux.  E.n 
basse  vigilance,  le  tracd  est  phis  complexe  car  diffdrents 
mouvements  oculaires  sont  combinds  entre  eux.  Les 
clignements  palpdbraux  font  place  d  des  fennetures  franches  dt 
paupiires.  Tous  les  schdmas  oculaires  sont  ddformds.  Les 
ddplacements  deviennent  lents  et  les  yeux  sont  en  perpdtuci 
mouvement  dans  une  lutte  centre  le  sommeil.  Des  MOL 
apparaissent.  Entre  ces  deux  stades,  les  modifications  sent 
progressives.  L’ analyse  de  I’EOG  permet  done  de  bien  suivre  la 
ddgradation  de  la  vigilaitce.  La  Figure  2  illusne  I’apparition  de 
I'hypo- vigilance. 


Pour  les  expdrimentations  courtes,  se  soldant 
par  une  sortie  de  route  aprds  endormissement,  on  observe 
rapidement  une  modification  du  comportement  signifiant  que  la 
vigilance  baisse.  Plusieurs  schdmas  peuvent  alors  se 
rencontrer : 

-  la  vigilance  ddcroit  continument  jusqu’i  la  fin  de 
I'essai 

-  le  conducteur  passe  par  des  phases  impoitantes  de 
rdcupdration,  plus  ou  moins  longues  et  plus  ou 
moins  nombreuses. 

Sur  les  expdrimentations  longues,  stoppdes 
aprds  2  heures  30  minutes  ou  3  heures  de  conduite  en  I’absence 
d'endormissement,  certains  sujets  ne  montrent  pratiquement 
aucun  signe  d'hypo-vigilance.  D'autres  traversent  des  phases  de 
vigilance  amoindrie,  sans  atteindre  les  niveaux  aboutissant  d 
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I’endormissement,  D’autres  commencent  ^  s’endormir  jusqu’4 
ce  qu’un  debut  de  sortie  de  route  ne  les  rdveille. 

On  remarque  une  grande  variabilite  inter- 
individuelle  quant  aux  classifications  obtenues.  Celles-ci  sont 
caracteristiques  du  comportement  personnel  d’un  sujet  face  k  la 
tache  qui  lui  a  6l6  attribu^. 

Les  Figures  3  et  4  foumissent  quatre 
exemples  de  classifications  obtenues  surdes  sujets  difKrents. 
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Figure  3  :  Classifications  physiologiques  Jes  sujets  n  °  2  ei  ' 
Cinq  niveaux  de  vigilance 

Les  sujets  sont  tous  les  deux  sortis  de  la  route  apres 
endormissetnent 


Figure  4  :  Classifications  physiologiques  des  sujets 
n  °  5  et  25  -  Cinq  niveaux  de  vigilance 
Les  sujets  sont  tous  les  deux  sortis  de  la  route  apres 
endormissetnent 


4  .  DETECTION  DE  L  HYPO-VIGILANCE  PAR 
IRS  SIGN  AUX  MECANlOiJES 

4-1  METHODE 

Le  niveau  de  vigilance  du  sujet  £tant  connu  il 
tout  instant  grace  k  I’analyse  pr^c^demment  d^crite,  la 
correlation  entre  cette  reference  physiologique  et  le 
comportement  du  sujet  vis  i  vis  de  sa  tache  de  conduite  doit  etre 
etablie.  Ceci  permet  de  substituer  i  I’indicateur  physiologique, 
un  indicateur  mecanique  du  niveau  de  vigilance,  plus  facile  <k 
mettre  en  oeuvre  dans  un  systime  embarque. 

Le  signal  Angle  Volant  a  ete  choisi  dans  un 
souci  de  simplicite  du  capteur  necessaire  it  son  enregistremen' 


de  cout  raisonnable  et  d’absence  de  contrainte  posee  au 
conducteur  pour  son  analyse. 

Afin  de  mettre  en  Evidence  les  differences 
existant  entre  un  signal  de  Haute  Vigilance  et  un  signal  de  Basse 
Vigilance,  les  paramitres  suivants  sont  calculus  sur  le  signal 
Angle  Volant : 

Surface  Totale  sous  la  courbe  du  signal  Angle  Volant 
redress<  :  S|Qj 

Comptages  des  passages  du  signal  par  des  lignes 
iso-degre$.  6  parametres  sont  ainsi  ddfinis. 

N  g  correspond  au  nombre  de  passages  par  zero. 

Nj  correspond  au  nombre  de  passages  par  les  lignes  +/-  i 
degr^s,  i  variant  de  0,5  degr€s  it  2,5  degr£s  par  pas  de  0,5 
degr^s. 


hZ-ll 


7  variables  quanlitatives  sont  done  extraites 
du  signal.  Les  calculs  sont  mis  en  oeuvre  en  continu  sur  tout 
I’essai,  sur  des  fenetres  de  8  secondes  ddcaldes  de  2  secondes, 
le  signal  ^tant  au  pr^alable  centra  sur  chaque  fenetre. 


definies  : 


De  plus.  3  variables  qualitatives  sont 


Une  variable  notde  CVIR  reprtsentant  le 
codage  des  virages  et  comportant  3  modalit^s  (Modalitd  1  :  ligne 
droite  ;  2  :  virage  ^  droite  ou  i  gauche;  3  :  mdlange  de  ligne 
droite  et  de  virage).  Cette  variable  est  ci^e  grace  4  une  detection 
de  franchissement  de  seuil  sur  le  signal  “courbure”  enregistre 
sur  le  simulateur 


Une  variable  notde  JOIN  reprdsentant 
les  chevauchements  entre  deux  zones  de  ligne  droite  et 
comportant  2  modalitds  (  Modality  1  :  sequence  en  dehors  des 
jointures  ;  modality  2  :  sequence  dans  une  jointure).  Cette 
variable  permet  d’^viter  toute  discontinuity  dans  le  signal,  due  a 
un  raccordement  de  deux  lignes  droites. 


approche  Bayysienne)  est  mise  en  oeuvre  [13j.  Cette  myihode 

prysente  I’avantage  d’etre  rapide  et  facile  4  interpryter.  Elle  est 
adaptye  ^  un  cas  comme  le  notre  oil  il  s’agit  d 'examiner  si  les 
variables  explicatives  permettent  de  discriminer  les  classes 
dyfinies  a  priori.  L’arbre  est  construit  en  partant  d’un  sous- 
ychantillon  de  la  population  totale  (ychantillon  d’apprentissage 
ftxy  ici  ^  80  %  de  la  population  et  tiry  au  hasard).  11  consiste  en 
une  suite  de  itgles  testant  la  valeur  d’une  variable  quantitative 
par  rapport  i  un  seuil  et  permettant  I’affectation  d’un  individu  4 
une  classe.  Les  seuils  et  le  cheminement  dans  I’arbre  sont 
calcuiys  de  manifere  i  optimiser  la  coincidence  entre  classe 
d’affectation  et  classe  a  priori.  Le  pourcentage  de  bon 
classement  obtenu  est  un  indice  rtivyiateur  de  la  quality  de  la 
discrimination  et  de  la  capacity  des  variables  choisies  &  syparer 
les  classes  a  priori.  L'affectation  d’une  nouvelle  sdquence  issue 
d’un  ensemble  test  (20  %  de  la  population  totale)  est  effectude 
en  dernier  lieu  ;  partant  du  sommet,  elle  descend  I’arbre  jusqu’i 
ce  qu’elle  arrive  ^  un  segment  terminal.  Le  pourcentage  de  bon 
classement  ainsi  obtenu  renseigne  sur  la  robustesse  de  I’arbre. 

4-2  RESULTATS 


Une  variable  notye  VIGI  reprysentant  le 
niveau  de  vigilance  associy  i  une  fenetre  et  provenant  de  la 
classification  physiologique.  Cette  variable  prend  7  modalites 
(Modality  1  :  Stade  1  de  vigilance  ;  2  :  stade  2' :  3  :  stade  2  ;  4  : 
stade  3  ;  5  :  stade  4  ;  6  :  absence  de  codage  ;  7  :  mdlange  de 
plusieurs  stades) 

Ainsi,  pour  chaque  sujet,  un  tableau  croisant 
10  variables  et  n  fenetres  de  calcul  (n  dypendant  de  la  durye  de 
I’essai),  estcryy. 


Nous  prysentons  ici  les  rysultats  obtenus  par 
cette  mythode  sur  3  sujets  diffyrents.  Le  tableau  de  la  Figure  S 
rycapitule  I’ensemble  des  paramfctres  d’entree  et  de  sortie  dans 
chacun  des  cas  ytudids.  Pour  chaque  sujet,  I’analyse  est  mise  en 
oeuvre  dans  deux  cas  : 

Dytection  des  hypo-vigilances  prycoces 
(opposition  des  stades  1  et  2) 

Dytection  des  hypo-vigilances 
prononedes  (opposition  des  stades  1  et  3) 


La  procydure  de  traitement  dyveloppee  ici 

consiste  dans  un  premier  temps  i  yiiminer  les  fenetres  en  virage  ^  pr^sentys.  Pour  chacun  d’eux,  le  tableau  fait 

ou  en  mdlange  de  ligne  droite  et  de  virage  (sdlection  des  fenetre>  apparaitre  : 
pour  lesquelles  CVIR  =  I). 

Le  nombre  total  de  sdquences  :  e’est  le 
L'yiimination  des  jointures  entre  deux  lignes  nombre  de  fenetres  de  8  secondes,  ddcaiyes  de  2  secondes, 
droites  est  ensuite  ryalisye  grSce  k  la  sdlection  des  fenetres  disponibles  pour  I’ensemble  de  I’essai 
vyrifiant  JOIN  =1.  -  La  ventilation  de  ces  syquences  sur 

chacun  des  niveaux  de  vigilance  considyrds,  aprfes  yiimination 
Le  choix  des  niveaux  de  vigilance  i  opposer  yu-ages  et  des  jointures  (CVIR  =  1  et  JOIN  =  1 ) 

est  enfin  effectuy  :  pour  une  ddtection  de  I’hypo-vigilance  .  Le  taux  de  reconnaissance  entre  classe 

prononcye,  nous  conservons  les  stades  1  et  3  de  la  classification  d’affectation  et  classe  a  priori,  sur  I’ensemble  d’apprentissage 
physiologique  (VIGI  =  1  ou  4).  Pour  une  detection  de  Le  taux  de  reconnaissance  entre  classe 

r hypo- vigilance  prdcoce,  les  stades  1  et  2  sont  conservy*.  d’affectation  et  classe  a  priori,  sur  I’ensemble  test 
(VIGI  =  1  ou  3).  .  Les  variables  apparaissant  dans  I’arbre  et 

utiles  &  la  discrimination 

Le  tableau  de  ddpart  se  trouve  done  ainsi  -  Le  seuil  de  test  de  chacune  de  ces 

simplifid  et  rdduit :  il  croise  maintenant  10  variables  (CVIR  =  1,  variables 
JOIN  =  1,  VIG!  =  (1  ou  4)  ou  (  1  ou  3),  S^,  Nq,  No^5.  N 

N 1  5,  N2,  N2  5)  et  un  nombre  de  fendtres  infyrieur  i  n.  On  peut  observer  que  les  taux  de 

reconnaissance  varient  entre  60,89  %  et  83,24  %  sur  les 
Sur  ce  tableau,  une  rndthode  d’analyse  ensembles  d’apprentissage  et  entre  55,15  %  et  83,84  %  sur  les 

discriminante  bas<e  sur  la  construction  d’un  arbre  de  ensembles  test.  Ces  valeurs  sont  done  assez  diffyrentes  d  un 

segmentation  binaire  (segmentation  non  paramytrique  par  sujet  i  I’autre. 


Fipurg  S  :  Tableau  rtcapitulatif  dcs  resuliats  de  I’analyse 
discritninante 

i^alisee  sur  le  signal  Angle  \folant 
(Pararti^(resS,j^.  Nj),  No  Nj.  Nj  5.  N2.  ^2,5) 

La  reconnaissance  esl  toujours  mieux  rialis^e 
en  detection  d’hypo-vigilance  prononc^e  qu’en  detection 
d'hypo-vigilance  pricoce.  C  ci  esl  un  r^suUat  attendu  car  les 
modifications  observ^es  sur  le  signal  Angle  \blant  sont  d’auiant 
plus  marqudes  que  la  vigilance  est  bassc,  ce  qui  signifie  quo  la 
detection  est  d'autant  plus  complexe  it  rtaliser  que  Ton  souhaite 
mettre  en  ividence  des  phinomines  pt^coccs.  Ceci  €tant. 
I'hypo- vigilance  pr^coce  peut  etre  correctement  misc  en 
Evidence  grace  aux  paramdtres  choisis,  notamment  dans  le  cas 
cu  sujet  n°2. 

Paimi  les  7  paramitres  caiculds,  3  sculemeni 
s’avirent  itie  utiles  It  la  discrimination  :  S^,  Nq  et  N2_5. 1-es 
autres  comptages  ne  sont  pas  des  variables  discriminantes.  Les 


arbres  de  segmentation  oblenus  sont  done  extremement  simples 
:  ils  ne  testent  qu’une  ou  deux  variables.  Les  tests  sont  realises 
de  la  maniere  suivante  : 

Test  de  S^j, : 

Si  <  Sejii  alors  I’individu  est  affecte  4  la  classe  1  (Haute 
Vigilance) 

Si  SjQ,  S  Seuil  alors  I’individu  est  affecte  a  la  classe  2  ou  3 
(Basse  Vigilance) 

Test  de  Nq  : 

Si  Nq  >  Seuil  alors  Tindividu  est  afft  Jte  a  la  classe  1  (Haute 
Vigilance) 

Si  Nq  S  Seuil  alors  Tindividu  est  affect^  a  la  classe  2  ou  3 
(Basse  Vigilance) 

Test  de  N2  5  ; 

Si  N2  5  <  Seuil  alors  Tindividu  esl  affeetd  h  la  classe  1  (Haute 
Vigilance) 

Si  N2  5  S  Seuil  alors  Tindividu  est  affect^  a  la  classe  2  ou  3 
(Basse  Vigilance) 

On  peut  remarquer  que  les  variables 
s^lectionndes  par  Tarbre  difftrent  selon  les  sujets  et  selon  les 
niveaux  de  vigilance  opposes.  Cepe.idant,  S(q(  s’avere  etre  le 
paramfetre  le  plus  discriminant  dans  la  plupart  des  cas.  Ceci 
semble  montrer  que  la  discrimination  est  essentiellemnt  bas^e 
sur  Tamplitude  du  signal  Angle  \blant.  Ce  resultat  est  egalement 
confirm^  par  la  presence  de  N2  5  dans  les  variables 
selectionndes.  Nq  n’apparatt  que  dans  un  cas  :  son  existence 
prouve  que  la  frequence  des  mouvements  du  volant  est 
egalement  apte  ^  discriminer  deux  dials  de  vigilance. 

Les  taux  de  reconnaissance  obtenus  prouvent 
que  les  variables  sdlecbonndes  peuvent  discriminer  deux  etats  de 
vigilance.  Le  sujet  n®  3  montre  des  rdsultats  plus  mddiocres  en 
ddtection  prdcoce,  ce  qui  laisse  supposer  qu’il  possede  une 
strategic  de  conduite  differente  de  celle  des  autres  sujets. 

5  ■  CONCLUSION 

L’dtablissement  d’une  rdference 
pbvsiologique  foumissam  le  niveau  de  vigilance  du  sujet 
constitue  une  dtape  ndeessaire  pour  rdaliser  la  ddtection  de 
Thypo-vigilancc  i  partir  de  signaux  mdcaniques.  Nous  avons 
montrd  que  cette  rdfdrence  pouvait  etre  dtablie  grace  k  Tanalyse 
simullande  du  signal  EEC,  du  signal  EOG  et  du  film  viddo 
permettant  d’dtudier  le  comportement  du  conducteur.  Une 
mdthode  d’analyse  discriminante  par  construction  d'un  arbre  de 
segmentation  permet  ensuite,  k  partir  de  variables  extraites  du 
signal  Angle  \folant,  d’dvaluer  la  corrdlation  existant  entre  le 
domaine  physiologique  et  le  domaine  mdcanique.  Les  rdsultats 
apportds  par  Tanalyse  de  donndes  conduisent  k  un  taux  de  bon 
classemenl  de  Tordre  de  80  %  et  mcntient  que  le  signal  Angle 
\blant  contient  les  informations  ndeessaires  k  une  ddtection 
correcte  de  Thypo-vigilancc.  Les  rdsultats  sont  encourageants. 


mais  montreni  que  le  calcu!  de  nouveaux  parametrcb  :su.  ic 
signal  Angle  Volant  est  necessaire  a  I’obtention  d'une  meilleure 
corrtflation  entre  indicateur  physiologiquc  et  indicaieur 
mecanique. 
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SUMMARY 


The  icnn  "Gremlins"  is  known  as  fictitious  ill- 
tempered  spirits  loved  by  children  as  comic  strips 
and  movie  characters.  During  World  War  II,  it  was 
an  easy  and  unscientific  way  to  throw  blame  on 
Gremlins  which  were  considered  responsible  tor 
unexplainable  mechanical  difficulties,  as  if  a  gin 
caused  malfunctions  in  the  aircraft. 

1  equate  Gremlins  to  a  dozen  psychological  traits 
which  are  not  always  seen  objectively,  but  are 
very  important  both  in  aviation  practice  and  daily 
life,  as  insidious  and  hazardous  effects  on  human 
behavior. 

The  number  of  Gremlins  (irrational  judgement 
patterns)  may  not  be  limited  to  just  twelve,  they 
arc  likely  to  be  more  and  may  facilitate  accidents 
and  incidents.  These  twelve  factors  arc  as  follows: 
accident  proneness,  traumatophily,  unconscious 
suicide  trait,  phobic  and  counterphobic  behavior, 
unsatisfied  positive  feedback  desire,  resignation, 
ritual  trap,  anti-authority,  invulnerability, 
impulsivity.  macho  attitude  and  limited 
s{Xintaneity. 

In  fact,  five  hazardous  thought  patterns  (anti- 
authority.  invulnerability,  impulsivity.  macho, 
external  control)  have  been  .suggested  by  ERAU 
(Embry  Riddle  Aeronautical  University) 
researchers.  I  have  just  enriched  them  by  adding 
some  other  well-known  patterns.  Perhaps  it  has 
become  more  interesting  by  equating  them  with 
Gremlins. 

INTRODUCTION 

It  was  the  gremlin,  that  diagnosis  of  pilots  and 
engineers  for  mechanical  malfunctions,  caused 
aircraft  accidents  during  World  War  11. 

"Gremlins"  is  a  concept  meaning  ill-mannered  gin. 
which  was  used  as  an  accuse  for  unexplainable 
accidents  due  to  technical  insufficiencies  in  that 
era.  Today  they  arc  nothing  but  puppets  and 
movies  characters.  Reasons  of  accidents  are 


explained  by  more  scientific  methods. 

Although  modem  technology  presents  materials 
providing  safety  in  almost  all  conditions,  accidents 
continues  on  faults  rising  from  human  beings.  This 
means  hardware  problems  were  solved  on  big 
scale,  but  still  problems  of  software  holds  (1 1.  12, 
13,  14). 

In  this  concept,  it  fits  more  to  use  gremlins  as  "ill- 
tempemc.ss  belonging  human  psychology  that  may 
cause  risk".  There  are  many  risk  factors  related 
with  human  psychology. 

The  following  define  a  dozen  of  psychological  risk 
factors  (gremlins)  on  the  accident  base. 

1 .  Accident  Pronencss:  Among  the  causes  of 
accidents,  virtual  elements  are  always 
found  to  be  interesting.  One  of  them  is 
really  a  gremlin  that,  element  of  accident 
pronencss.  People  called  as  ill-omened  in 
public,  are  known  that  they  break 
something  in  and  around  and  hurt 
themselves,  and  others.  According  to 
researchers  people  are  responsible  in  10% 
of  accidents  at  the  rate  75%.  In  the  same 
way.  33%  of  all  traffic  accidents  are 
caused  by  4%.  of  drivers  (15). 

This  might  be  related  with  personal  stress 
cumulation,  physical  and  intellectual 
accu.ses  or  by  self  punishing  motives  (4). 
But  at  the  end.  it  seems  that  some  people 
carry  the  accident  causing  manner  and 
seeds  of  their  disasters  by  themselves.  It  is 
understood  that  unconscious  masochistic 
motives  stand  behind  the  accidents,  which 
look  like  a  bad  chance  (1.  2). 
Unfortunately,  there  isn’t  any  test  to 
diagnose  these  motives  that  no  one 
accepts.  But  what  possible  is,  to  pursue 
the  persons  in  long  temis  and  work 
stati.stically  in  which  everything,  including 
the  negligible  accidents,  is  recorded  to 
find  out  the  concentration  of  events. 
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2.  Traumatophilv:  Sonic  people  enjoy 
trauma,  they  have  a  tendency  to  traumatic 
life  being  not  aware  of  this.  Every  action 
taken,  turns  into  trauma  by  jumping  into 
troubles  having  no  comfort  at  all.  The 
inclination  of  acting  out  may  lay  down 
beneath  their  behavior  in  order  to  realize 
what  they  are  afraid  of  or  to  get  rid  of 
internal  stresses.  The  aim  of  these 
traumatic  manners  is  not  to  reach  pleasure, 
but  to  avoid  discomfort  (3). 

3.  Unconscious  Suicide  Motivation:  The 
worse  case  than  to  be  found  guilty  for 
someone  is  to  feel  guilty  and  to  think  that 
it’s  necessary  to  be  punished  by  himself. 
For  instance  a  person  feeling  guilty  for  the 
death  of  another,  may  be  in  the  guiltiness 
of  being  alive  (5).  Having  the 
compensation  feeling,  they  prepare  the 
scenario  of  their  deatli  unconsciously.  This 
is  called  as  "The  Law  of  Talion"  meaning 
an  eye  for  an  eye  (1).  In  the  USA, 
accidents  arc  reported  each  year  that  in  (he 
form  of  crashing  onto  church,  school  or  a 
bar.  ending  with  the  death  of  the  pilots, 
ending  with  the  death  of  pilots,  clearly 
infonned  as  suicides  (10).  From  the  other 
side.  Erica  Jung  indicates  in  her  novel 
that,  pilots  pcrfonuing  KAMIKAZE 
divings  experience  a'',  excitation  that  costs 
them  their  life,  having  feelings  more 
.severe  than  orgasm  (7).  If  a  careful 
comparison  is  made,  difference  between 
the  accident  proneness,  traumatophily  and, 
unconscious  suicide  motivation  can  be 
realized. 

4.  Phobic  and  Counter  Phobic  Manners: 
Worries  and  fears,  as  the  source  of  all 
feelings  of  people  being  expressed  in  case 
of  danger  and  objects,  arc  natural  and 
universal  reactions  (8). 

Otherwi.sc.  humanely  natural  fears  arc 
feasible  which  are  called  to  be  "vi.se 
fears". 

"Fearlessness  of  people  do  not  indicate 
their  fearie.ssness  and  strength  but, 
hxilishncss".  Anhealthful  thing  is  "to  be 
afraid  from  ca.scs  that  actually  do  not 
worth”  or  "to  try  to  compensate  the  fears 
by  counterphobic  behaviors".  Some 
examples  of  attempts  that  people  try  to 
give  a  message,  such  that  they  do  not 
show  fear  and  can  cope  with  risky 


activities  are  driving  fast,  involving  a  fight 
continually,  dangerous  sports  or 
unnecessary  courage,  etc.  For  people 
having  a  gin  (gremlin)  in  the  form  of 
insubstantial  fear  or  excessive  defenses 
developed  against  that,  it  is  hard  to  work 
safely  and  to  continue  their  lives 
healthfully  for  a  long  term. 

The  one  who  knows  the  reasons  of  what 
he  is  doing,  is  the  person  who  can  rescue 
himself  from  these  vicious  circles. 

5.  Positive  Feedback  Insatiability:  Being 
motivated  is  a  need  for  eveiybody,  but 
while  acquiring  this  insatiable  manner  is  a 
kind  of  insatisfaction  sign. 

Vise  people  should  have  some  higher 
level  satisfactions  like  performing  the  duty 
properly,  to  produce,  to  create,  usefulness 
and  feelings  of  realization  of  himself  than 
appreciation  of  the  leader  or  a  group.  A 
person  appears  in  the  afford  of  being 
admired  and.  to  be  known  as  exceptional, 
may  really  create  an  impression  as 
diligence  or  success,  but  may  not  realize 
that  he  enters  the  risky  region  having  all 
the  indicators  striking  red. 

6.  Resignation:  Here,  in  spite  of  pain  and 
distress,  entrusting  himself  to  God  and 
seeking  a  wisdom  in  that  take  place, 
instead  of  thinking  there  exists  something 
to  do  even  in  most  negative  cases.  As 
though  life  goes  on  a  predefined  scenario 
and  behaviors  of  people  are  controlled 
from  outside  (9).  Statements  like  "What  is 
fated  will  happen....  attempts  are  useless... 
not  in  one's  hand....  fate..."  are  the  forms 
of  these  ideas. 

Not  to  interfere  to  events  and  leaving  the 
responsibilities  to  supernatural  forces,  to 
expect  help  from  false  beliefs  are  the 
examples  of  pacifism.  But  resignation  is  a 
vice  in  the  meaning  after  every  possible 
thing  was  done  and  wait  without  panic 
afterwards. 

7.  Ritual  Trap:  Repetitive  jobs  begin  to  be 
performed  automatically  without  care  of 
time.  The  same  checks  repeated  thousands 
of  times  and  the  same  monotonic  duties 
may  mislead  to  a  belief  that  everything 
will  go  well  resulting  in  a  manner,  in 
which  no  importance  is  given. 
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Situation  that,  people  work  with  the  same 
mean,  has  positiveness.  On  the  other  hand, 
due  to  unification  of  man  and  machine 
and  recognization  of  machine  habits, 
negative  aspect  is,  magical  presumption  of 
man  that  no  hazard  comes  from  machine 
since  he  builds  a  close  relation  and  feels 
he  is  different.  At  the  end  by  less 
regarding  the  rules,  within  excessive  self 
confidence,  will  make  the  situation  closer 
to  stealthy  danger.  The  fact  that  some 
professionals  appreciated  in  various  fields 
(driver,  pilot,  surgeon)  drive  the  lifes  into 
danger,  is  known. 

8.  Aniiauthoritv:  People  against  the  authority 
cannot  endure  the  rules  and  the  person 
liaving  the  power  of  control  on  thcnt. 
They  show  reaction  to  those,  indicating 
how  to  do  the  job.  They  do  not  want  to 
understand  that,  rules  bom  from  many 
experiences.  They  exaggerate  the  detail 
faults  of  rules  as  excu.se.  Only  due  to  this 
rea.son,  there  are  man>  people  being  lost 
in  accidents,  or  skilled  per.sons  leaving 
their  Job  due  to  lack  of  di,sciplinc.  This 
behavior,  observed  on  pilots,  timely,  kxtks 
like  a  renectioii  of  invulnerability  and 
macho  figures  (9). 

9.  Invulnerability:  Examples  of  talcs:  bullets 
bouncing  off  on  Supemian's  chest, 
nowhere  on  Akhilla  injurablc  by  arrow, 
except  his  heel,  show  that  this  way  of 
thinking  is  present  in  people's  mind  more 
or  less.  Contemporary  fantasia  hcros  like 
the  Tenninalor.  Roger  Rabbit,  Hulk, 
Batman  and  James  Bond  amied  with  these 
features  arc  presented  and  accepted.  A 
number  of  persons  act  as  they  will  not  die 
as  a  defence  is  not  low  (6).  Wrong 
reasoning  (gremlin)  as  if  all  accidents  and 
badnesses  are  for  others,  "The  bitter 
eggplant  docs  not  get  frost-bitten  means 
the  bells  of  danger  arc  ringing.  In  rc,scarch 
it  was  found  to  be  the  widest  wrong 
thinking  pattern  among  the  others  by  43% 
(9).  It  will  be  proper  to  explain  "healthy 
invulnerability "  by  opening  a  parenthesis. 
It  can  be  said  that  there  is  a  need  to 
invulnerability  to  some  degree  for  the 
human  being  having  limited  life,  for  living 
out  of  death's  shadow  or  to  case  people 
engaged  in  really  risky  works,  for 
perceiving  the  fearless.  But  ignoring  the 
visible  danger  and  to  play  Pollianniaism 


till  the  end  is  pathological. 

10.  Impulsivitv:  Some  people  have  a  tendency 
to  behave  spontaneously  and  emotionally. 
They  have  no  patience  to  consider  the 
possibilities  and  to  think  for  choosing  the 
best  of  them.  The  shortest  expression  of 
this  act  is:  "Just  do  it!"  (9).  This  hastiness 
cannot  be  qualified  as  "Reflective 
application  of  certain  behaviors  in  certain 
situations”  obtained  by  training  or 
"decidedness,  self  confidence  or  courage". 
These  impulsive  people  showing 
emotional  and  sudden  behaviors  followed 
by  penitence  are  in  a  group  having  high 
accidental  risk  potential. 

The  phrase  in  American  slang,  "off  the 
cuff’,  is  for  oral  impulses.  It  is  a  fact  of 
saying  whatever  comes  into  mind  by 
never  measuring  and  breaking. 

There  is  a  proverb  calls  attention  to  the 
similarity  between  driving  and  life  styles. 
The  same  thing  is  also  valid  for  behaviors 
in  a  game.  Either  in  chess  or  football; 
people  acting  irregular,  impulsive,  coward 
or  masochistic,  probably  behave  in  the 
same  manner  in  flight  and  real  life  also. 

CONCLUSION 

Some  certain  personality  variances  effect  the 
decision  and  judgement  functions.  These  disorders 
rellectcd  to  thinking  and  behavior,  sometimes  may 
be  leading  rea.sons  of  accidents. 

Effects,  defined  as  gins  in  this  writing,  do  not  only 
cause  accidents,  but  may  be  a  barrier  to  harmonic 
and  happy  life  also.  Some  of  the  features  of 
gremlins  are:  becoming  a  beast  when  fed  by 
midnight,  reproducing  when  they  contact  with 
water  and  dying  in  daylight. 

Under  the  light  of  these  knowledges  what  can  be 
recommended  is:  "Everybody  should  find  their 
gremlins,  temiinate  them  by  exposing  day  light 
and  should  not  feed  in  order  not  to  let  them 
reproduce  and  become  beasts". 
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SUMMARY 

Birthdate  Biorhythm  Theory  presents  a  daily  guide 
line  to  people  about  the  lime  of  their  highest  and 
lowest  perfomiance.  The  tlieory  is  that  it  is 
possible  to  estimate  in  which  days  physical, 
intellectual  or  emotional  success  or  failure  would 
happen. 

Many  research  results  show  no  significant 
relationship  between  the  theory  and  actual  events. 
But  sometimes  the  theory  has  an  artificial 
(placebo)  effects  on  some  people  if  they  are 
concerned  about  it.  Some  curious  pilots  may 
calculate  their  critical  days  and  this  state  of  mind 
may  make  them  really  accident-prone. 

We  have  charted  biorhythm  graphics  of  2{X) 
Turkish  Air  Force  pilots  who  were  involved  in 
aircraft  accidents,  75  of  them  have  died  and 
remaining  125  pilots  survived.  The  existence  rates 
of  critical  dates  and  accident  days  have  been 
compared  statistically  and  results  were  discussed 
in  this  investigation. 

It  is  known  that  rhythmic  motions  of  the  moon, 
the  sun,  stars  and  especially  the  earth  in  infallible 
order,  continuing  for  millions  of  years  effect  the 
living  beings. 

Periodical  physical  alterations  like  night-day  time, 
summer-winter  and  tidal  motions  have  fomied  the 
biological  rhythms  by  being  ornamented  to 
memories  of  living  beings.  An  example  of 
biological  rhythm  from  the  world  of  people  that 
goes  with  the  physical  rhythm  in  synchronization 
with  nature  can  be  given  as  full-moon  days.  It  is 
known  that  during  these  days  tides  in  the  erotica! 
and  romantical  emotions  occur  and  those  people 
are  said  to  be  lunatic,  loony  or  moon  struck. 

Some  people  have  the  internal  clock  adjusted  to 
sleep  and  gel  up  early  (like  a  lark),  and  the  others 
have  it  adjusted  to  sleep  and  wake  up  late  (like  an 


owl).  Even  it  can  be  realized  that  sleeping,  eating 
and  toilet  requirements  have  biological  rhythms.  In 
the  world  of  animals  the  behaviors  like 
hibernation,  migration,  copulation  etc.  are 
observed  to  be  in  periods.  To  explain  such 
rhythmical  behaviors,  scientists  have  done  some 
studies  on  plants,  animals  and  volunteer  people. 
The  most  important  stimulator  (zeitgeber)  that 
starts  the  daily  rhylluns  of  human  beings  is  the 
light.  People  being  light-active  and  diurnal,  receive 
the  light  through  his  eyes  that  increases  secretion 
of  the  melatonin  and  reduces  the  serotonin  by 
following  the  way  through  the  retina,  optical 
nerve,  visual  cortex,  hypothalamus  and 
hypophysis.  Then  the  operation  of  system 
accelerates  by  increasing  thyroid,  surrenal  and 
sexual  hormone  secretion.  AU  these  events  occur 
at  the  awakening  phase  of  people  by  daylight.  On 
contrary  to  sleeping  period,  in  which  number  of 
breathe,  heart  beat,  metabolism  and  blood  pressure 
reduces,  in  wakefulness  body  temperature 
increa.scs,  digestive  system  and  kidneys  and 
increase  rate  of  cells  becomes  faster  (7,8,9). 

It  is  being  seen  that  internal  physiological  sessions 
in  the  form  of  symphony  having  a  magnificent 
periodical  downings  and  risings  (4).  There  exists 
a  rhythm,  belong  to  the  life  of  living  things  known 
on  the  earth.  This  is  one  of  the  rules  of  the 
universe  (7). 

There  are  three  main  rhythms:  Infradian  (has  a 
duration  longer  than  a  day  for  example  seasonal, 
diseases,  anniversary  phenomenon,  menstruation 
period,  etc.)  Supradian  (short  term  rhythms 
occurring  along  the  day  such  as  EEG.  EGG,  REM, 
breathing,  gastric  secretion,  etc.).  Circadian  (24 
hourly  rhythms,  like  homione  secretion  during 

sleep-wakefulness  period,  changes  in  level  of 
electrolytes,  increase  and  decrease  in  cell  wall 
pemteability). 


Circadian  rhythms,  since  they  cause  the  decrease 
of  the  once  to  work  in  shift  that  requires  the 
change  of  sleep-wakefulness  sessions,  was  notices 
in  industrial  accidents.  In  aviation,  while  Hying 
transcontinental  -  transmeridian,  if  the  differences 
between  tlie  internal  clock  and  the  local  time  of 
destination,  in  accordance  portrait  that  called  jet 
lag  occurs  due  to  dysynchronisation.  This  is  more 
severe  in  flights  from  west  to  east  and  is  important 
for  business  men.  scientists,  artists  and  sportsmen 
as  well  as  pilots  (2,7). 

As  it  is  .seen,  the  scientific  studies  on  the  subject 
continues,  that  it  was  not  accomplished  to  be 
explained  yet  properly  with  its  reasons  and 
mechani.sm.  This  tentative  gap  in  science  is  being 
tried  to  be  filled  by  the  popular  science  or 
pseudoscience,  as  it  is  the  case  in  other  fields.  In 
the  manner  that  exploiting  the  wonders  of  ordinary 
people,  interesting  articles  take  place  in  the  press 
and  even  books  are  written. 

"Popular  Birthdate  Biorhythm  Theory"  presents  a 
daily  guidance  to  people  for  reaching  highest 
potential  with  a  simple  calculation  method,  on 
which  day  the  physical,  the  emotional  and  the 
intellectual  activities  become  well  or  bad.  These 
calculations  can  be  perfonned  within  5-10  min. 
manually  and  5-10  sec.  if  through  by  use  of 
computer  (10). 

According  to  the  theory,  there  are  three  phases  in 
every  person's  life.  Physical  Term  continues  23 
days.  Emotional  Temi  longs  28  days,  and 
Intellectual  Tenn  lasts  33  days.  Each  three  phase, 
zero  being  at  the  birthdate,  continues  during  life 
by  drawing  sinu.soidal  curve,  having  firstly 
positive  then  negative  regions.  The  points  fonned 
by  intersection  of  curves  and  the  abscissa  are 
considered  to  be  critical  days  on  which  related 
function  decreases  and  accepted  as  every  kind  of 
negative  cases  may  occur  (5.10). 

MATERIAL  AND  METHOD 

2(X)  pilots  from  Turkish  Armed  Forces  included  in 
the  investigation  who  had  accidents  between  the 
years  1974-1987.  75  of  2(X)  have  died  during 
mishap,  while  the  rest  injured  or  not  affected 
luckily.  Distribution  of  the  75  death.  2  from  the 
Navy.  5  from  the  Army  and  68  from  the  Air 
Force. 

Inspection  was  carried  out  on  computer  with  the 
use  of  graphics  obtained  by  the  programme,  to 
detect  the  period  and  if  exists,  critical  days 
corresponding  the  mishap  day. 


Statistical  consideration  handled  by  Pearson  Chi 
Square  Test. 

FINDINGS 

TABLE  -  1 
TABLE  -  II 
TABLE  -  III 
TABLE  -  IV 
TABLE  -  V 

DISCUSSION 

In  1979  panel  and  conferences  of  AGARD  were 
concentrated  on  the  subject  biorhythm,  and  the 
number  of  researches  enough  to  fill  a  book  were 
printed  (5,6.9,).  Conclusions  of  these  researches 
show  contraversion  with  the  suggests  of  the 
theory.  Symptoms  obtained  in  investigation  carried 
out  by  us  also,  do  not  support  it. 

1.  A  reasonable  relation  between  the  accidents 
coinciding  with  physically,  emotionally  and 
intellectually  critical  days  and  accident  not 
coinciding  couldn’t  be  found  according  to  Chi 
Square  Test  (Table-1). 

2.  It  was  examined  if  being  on  positive  or  negative 
stages  of  these  3  periods  had  effect  on  the  mishap 
occurred,  and  no  considerable  reason  was  found. 

3.  In  Table- V  by  thinking  the  possibility  that 
critical  day  suspend  a  day  before  or  later,  all  the 
accidents  within  this  period  (-t-1)  were  shown.  On 
the  same  table  the  possibility  of  relation  between 
the  critical  days  and  official  reasons  having  no 
meaningful  results  at  the  end  was  shown  also. 
There  should  be  two  reasons  for  the  numbers  at 
the  upper  left  comer  of  table  being  such  high. 
Firstly,  since  the  flight  is  pcrfomied  by  pilot  and 
aircraft,  piloting  and  material  factors  show  higher 
level  naturally.  Secondly,  since  physical  period  is 
the  shortest  period  (23  days),  it  is  the  most 
repeating  and  most  possible  temi  for  crossing 
mishap  day  mathematically.  Therefore,  to  consider 
as  accidents  occur  mostly  on  physically  critical 
days,  can  be  misleading. 

On  the  other  hand,  even  though  the  existence  of 
such  rhythms  possible,  the  theory  disregards  the 
rhythm  shift  probability  rising  from  personal, 
psychological,  physical  traumas,  stresses  and 
di.seascs.  Since  it  will  not  be  possible  to  determine 
the  rhythm  shifts,  all  the  calculations  collapse.  So 
it  shouldn't  be  expected  to  believe  a  mathematical 
fonnulation  dctemient  on  unknown  criterions,  like 


believing  in  a  mystic  tabnn. 

RESULT 

The  result  reached  by  this  investigation  in  short 
way  is  that,  popular  birthdate  biorhythm  theory  is 
not  capable  of  explaining  the  aircraft  accidents. 
Actually  this  matter  is  not  considered  in  classics  of 
aerospace  medicine  but  circadian  rhythms 
(1,2, 3, 7).  It  may  not  be  claimed  that,  a  confident 
night  can  be  perfomicd  even  hundreds  of  systems 
coasisting  aircraft,  work  in  hannony.  Because 
many  people  of  which  the  most  important  being 
the  pilot  have  more  indefinite  physiological  and 
psychological  systems.  Even  in  ideal  conditions 
that  all  these  go  well,  an  accident  may  take  place 
due  to  other  environmental  rea.sons.  In  those  cases, 
it  may  lead  to  miss  the  objective  factors  to  try  to 
find  factors  causes  in  magical  fonnulation. 

Ideal  minimum  level  can  be  reached  by  objective 
and  captious  inspections  in  order  to  decrease  the 
accidents.  The  most  impemant  conditions  in  this  is 
to  consider  the  reasons  and  precautions  from 
scientific  perspective.  It  may  be  interesting  to 
approach  by  simple  method  requiring  scientific 
discussion  but  one  must  not  fall  in  its  traps. 

Especially  for  young  pilots  it  might  turn  to  stresses 
inviting  the  accident  tried  to  be  avoided,  that  due 
to  decrease  in  concentration  and  creation  of 
unnecessary  anxieties  by  facing  with  popular 
birthdate  biorhythm  theory  in  actuality 
occasionally.  This  investigation  was  made  for 
clearing  the  situation. 
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TABLE  I  -  COMPARISON  OF  MISHAP  RATES  ON  CRITICAL  DAYS 
WITH  NON-CRITICAL  DAYS 

I 


CRITICAL  DAYS 

OTHER 

DAYS 

TOTAL 

PHYSICAL 

P 

EMOTIONAL 

S 

INTELLECTUAL 

C 

FATAL 

ACCIDENTS 

D  (  +  ) 

12 

3 

9 

51 

75 

INFATAL 

ACCIDENTS 

D  (-) 

18 

9 

11 

87 

125 

( 


X  =2,15, 


SD=3, 


P>0,05) 


TABLE  II  -  COMPARISON  OF  FATAL  AND  INFATAL  OCCURANCES  OR  MISHAPS 
ON  THE  DAYS  WHEN  THE  PHYSICAL  PERIOD  (-)  6  (+) 


(-)  PHYSICAL 

PERIOD 

(+)  PHYSICAL 

PERIOD 

TOTAL 

EXISTENCE 

INEXISTENCE 

EXISTENCE 

INEXISTENCE 

FATAL 

ACCIDENTS 

D  (  +  ) 

34 

41 

29 

46 

75 

INFATAL 

ACCIDENTS 

D  {-) 

47 

78 

60 

65 

125 

( 


=0,86 


X^=l,3 


I 


P>0,05 


r>o,ori  ) 
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TABLE  III  -  COMPARISON  OF  FATAL  AND  INFATAL  OCCURANCES  OF  MISHAPS 
ON  THE  DAYS  WHEN  THE  EMOTIONAL  PERIOD  (-)  6  (+) 


(-)  EMOTIONAL 

PERIOD 

(+)  EMOTIONAL 

PERIOD 

TOTAL 

EXISTENCE 

INEXISTENCE 

EXISTENCE 

INEXISTENCE 

FATAL 

ACCIDENT 

D  (  +  ) 

34 

41 

38 

37 

75 

INFATAL 

ACCIDENT 

D  (-) 

61 

64 

55 

70 

125 

( x;=o.u 


P>0,05 


X 


P>0,05  ) 


TABLE  IV  -  COMPARISON  OF  FATAL  AND  INFATAL  OCCURANCES  OR  MISHAPS 
ON  THE  DAYS  WHEN  THE  INTELLECTUAL  PERIOD  (-)  6  (4) 


(-)  INTELLECTUAL 

PERIOD 

(+)  INTELLECTUAL 

PERIOD 

TOTAL 

EXISTENCE 

INEXISTENCE 

- 1 

EXISTENCE 

INEXISTENCE 

FATAL 

ACCIDENT 

D  (+) 

34 

41 

33 

42 

■ 

INFATAL 

ACCIDENT 

D  (-) 

46 

79 

68 

57 

125 

(  X^=l,09 


Xj=l,63 


P>0,05 


P>0,05  ) 


TABLE  V  -  COMPARISON  WITH  ACCIDENT  REASONS  5  CRITICAL  DAYS 


CRITICAL  DAYS 

TOTAL 

s 

C 

PS 

PC 

SC 

PSC 

REASONS 

PILOTING  (>5C%) 

25 

15 

20 

1 

5 

- 

- 

66 

MATERIAL 

14 

9 

11 

1 

2 

- 

- 

37 

ADMINISTRATIVE 

3 

1 

3 

■ 

■ 

- 

- 

7 

MAINTENANCE 

2 

1 

2 

■ 

- 

- 

5 

UNKNOWN 

2 

- 

- 

- 

- 

- 

- 

2 

OTHERS 

■ 

■ 

2 

■ 

■ 

- 

- 

2 

TOTAL 

46 

26 

38 

■ 

- 

- 
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